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ANEW concept in pH measurement 


SINGLE CONTROL OPERATION —All adjustments of standardization and measurement 


are made with a single calibrated dial. 


FLASHING SIGNAL —Potentiometric balance is indicated by a unique “ GENERAL LIBRARY 


to read; no pointers to set. 

JAN 4 1952 
LONG LIFE BATTERIES —1200 hours of operation . . universally availabfe . . easy to install. 
NO DESICCANTS — Measuring circuits electrically protected from moisturd UNIVERSITY OF GEORGIA 


NO ‘HIDDEN ERRORS’ —Complete protection against measurement errors resulting from depleted 
batteries, amplifier drift, or accidental disturbance of controls. 


SCREW BASE ELECTRODES .. . mounted in the exclusive Coleman sealed-head insure precision and 
safety. Electrodes are automatically brought to working position or safely stored by opening or closing 
the instrument cover. 


COLEMAN 


JAB 
, 


1) 
— 
for full details ask for Bulletin BB-225 


BAKER cueM 


Have you received your copy of this valuable 
catalog? 


It lists the complete line of Baker Labora- 
tory Chemicals, with prices, and it gives you 
specifications for all ‘Baker Analyzed’ Re- 


agents—the laboratory chemicals with 


Baker Chemicals 


REAGENT FINE INDUSTRIAL 


FREE 


@ 


Specification 
Catalog 


the actual lot analysis on every label 


One glance at this new catalog and you'll 
want it at your fingertips, ready for cor 


stant use. 


If you haven’t received a copy, mail the 


coupon for yours now. 


J.T. BAKER CHEMICAL CO. 
Dept. 51, Phillipsburg, N. J. 
Please send me a copy ef your new Specification 
Catalog. 
Name 
Title. 
Name of Company. 
Address. 
City. 


wien 
AL 
A | 
NTS 
ze 
AC 
€ 
0 
I 
a 
A 
4 
4 
5 
D 
lease 
3 


BECKMAN MODEL N pH METER 


PORTABLE - BATTERY OPERATED - RUGGED 


ADVANTAGES 


Model N offers all the advantages of former Model M, 
which it replaces, and, in addition: 


Subminiature electronic tubes (3), powered by hearing aid 
and flashlight batteries, 

Built-in temperature compensation, 0 to 100°C, 

Light weight aluminum case (weight 7'/2 lbs.), sealed 


and desiccated, with attached handle; convenient for 
laboratory, plant or field use, and 


Rapid warm-up, permitting the instrument to be turned 
off between measurements, thereby saving battery life. 


4918-N1. 


BECKMAN MODEL N GLASS ELECTRODE pH METER, Battery Operated. A compact, direct 
reading instrument which uses the same basic circuit as Model M, which it replaces. With double, 
overlapping pH scale approximately 4 inches long reading in 0.1 pH division from pH 0 to 8 in red 
figures and from pH 6 to 14 in black; built-in temperature compensation 0 to 100°C; and control 
panel provided with ‘“‘standardization”’ and “‘check’”’ control knobs, switch for selection of range and 
“off,” and humidity indicator. 


Case is of die-cast aluminum, sealed and desiccated, with attached handle; weight without accessories, 7'/2 Ibs.; con- 
venient for use in laboratory, plant or field. Can be used in either vertical or horizontal position. Warm-up is rapid— 
approximately 10 seconds—permitting the instrument to be turned off between measurements, thereby saving battery life. 

Furnished with sturdy 5-inch general purpose glass electrode and companion calomel electrode. Readings can be made 
rapidly with an accuracy of 0.1 pH over the range to pH 11, but greater accuracy is possible with careful operating technique. 
For use in the range pH 9 to 14, type E glass electrode, with low sodium ion error, is recommended. 

The various types of electrodes offered for use with Models M and H-2, including our 4923-F5 
Electrode Conversion Assembly for volumes of only 2 to 3 ml, as well as flow type and immersion 
type electrodes for tank use, can all be used with Model N. Continuous readings can be made, 
and the instrument is convenient for making rapid acid-alkali titrations. Our 9682-B Titration 
Assembly is convenient for this purpose. 


4918-N1. Glass Electrode pH Meter, Beckman Model N-1, complete with 5-inch glass and calomel electrodes, elec- 
trode holder, 50 ml Pyrex brand glass beaker, 1 pt. Buffer Mixture pH 7.0, 100 ml bottle saturated KCl 
solution, in case with handle; net weight with accessories, 9'/2 lbs 180.00 


4918-N2. ary ee with hinged double case providing carrying space for accessories required for field use; net bone 
14 


4923-F5. Electrode Conversion Assembly, for attachment to Model N for tests on 2 to 3 ml samples, consisting of 
2'/s-inch glass and calomel electrodes, support, electrode holder, beaker holder, and 5 ml beaker. . 24.52 


More detailed information sent upon request. 4923-F5. 


ARTHUR H. THOMAS COMPANY 


RETAIL—WHOLESALE—EXPORT 
LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U.S.A. 
Cable Address ‘‘Balance,” Philadelphia 
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A huge safety “bible” for anybody who 
handles, stores or ships anything inflam- 
mable, poisonous, explosive or danger- 
ous in any other way. 


Information about each material in- 
cludes: maximum allowable concentra- 


1951 850 double-column pages 


One of the most 
valuable technical 


books ever published 


— HANDBOOK OF 
DANGEROUS 


MATERIALS 


By N. IRVING SAX 
Toxicologist, General Electric Company 


Covers more than 5,000 hazardous industrial 
- materials — alphabetized, cross-referenced, in- 


dexed 


tion, toxicity, flammability, storage and 
handling, physical properties, formulas 
and shipping regulations. 


Covers the latest data on radioactive 
materials and fungus hazards. 
$15.00 


MATERIALS TECHNOLOGY FOR 
ELECTRON TUBES 
KOHL 
A critical evaluation of materials, processes 


and techniques. Covers work done through- 
out the world, and extensive references. 


1951 496 pages, illustrated $10.00 


LIGHT HYDROCARBON ANALYSIS 
BURKE 


The largest collection of specific analytical 
procedures published to date in this field. 


1951 530 pages, illustrated $15.00 


THE PHOSPHATIDES (ACS Monograph) 
WITTCOFF 
A complete survey of virtually every phase of 


phosphatide research, with emphasis on im- 
portant recent research. 


1951 554 pages $10.00 


REINHOLD PUBLISHING CORPORATION e 


MARINE PRODUCTS OF COMMERCE 
TRESSLER and LEMON 
Their acquisition, handling, biological aspects, 
the science and technology of their preparation 
and preservation. 


New Second Edition, 1951 
800 pages, illustrated $18.00 


PHYSICAL CHEMISTRY OF 
LUBRICATING OILS 
BONDI 
A well-documented treatment of specific prob- 


lems. Collects much inaccessible or widely 
scattered data. 


1951 450 pages $10.00 


THE CHEMICAL TECHNOLOGY OF 
DYEING & PRINTING, Volume Il 
DISERENS 
Includes basic and substantive dyestuffs, pig- 


ments, and aniline black, as well as dyestuffs 
for many synthetic fibers. 


1951 450 pages $12.00 


Send for examination copies today. 


Dept. M-325 


330 West 42nd Street, New York 18, N. Y. 


Also Publishers of CHEMICAL ENGINEERING CATALOG, CHEMICAL MATERIALS CATALOG, MATERIAL AND METHODS, 


Scientific, Technical and Architectural Books, and Advertisement Management 


for the American 


Chemical Society Publications. 
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Johan Frederik Eykman—A Physical Chemist, H. S. van Klooster 

Structural Chemistry of the Interhalogen Compounds, Elizabeth Fessenden.... 
Electrolysis with Controlled Cathode Potentials, Duncan G. Foster 

Quantitative Paper Chromatography for Students, A. R. Patton 

Jean Baptiste André Dumas, Jane Woodward Alsobrook 

On Accenting Observations in Chemistry, J. A. Campbell 


Coulomb's Law and the Qualitative Interpretation of Reaction Rates, 
Edward S. Amis 


The Use of Punched Cards in the Teaching of Qualitative Organic Analysis, 
John W. Green 


A Temperature-Equilibrium Demonstration, John A. Brown 
A Quantitative Sodium Flame Test, 
A Literature Search Assignment, Robert B. Dean 


C. C. Kiplinger 


A Comparison of Criteria for the Rejection of Measurements, 
W. J. Blaedel, V. W. Meloche, and J. A. Ramsay 


A Macro Gas Buret, Lloyd S. Nelson, Donald E. Laskowski, and Howard A. 


An Ammonium Dichromate “Volcano,” Will S. DeLoach, John W. McHugh, and 
Jerry Black 


The Muspratts and the Gambles—Pioneers in England's Alkali Industry, 
Desmond Reilly 


Proceedings of the Pacific Southwest Association of Chemistry Teachers 
Lecture Demonstrations with the Newer Types of Plastics, R. Elbert Davis, 
James E. Biby, and L. Reed Brantley 


A Lecture Representation of Oxidation-Reduction, R. T. Sanderson 


Report of the New England Association of Chemistry Teachers 
Thirteenth Summer Conference 


615 Recent Books 
Frontispiece—Johan Frederik 


Editor's Outlook 
Out of the Editor’s Basket 


Letters to the Editor 


Subscription Price: Domestic $3.00 per year; Countries in Pan-American Union $3.00 per year; Canada 
$3.50; other countries $4.00. leonntt onaieiiite. Single copies of issues in current year, 50c each; all other 
single copies, one dollar. Foreign remittances must be P d by tional ‘Money Order. 


No claims for copies of journals lost in the mails can be allowed unless such claims are received within sixty 
(60) days of the date of — and no claims can be allowed for issues lost as a result of insufficient notice of 
change of address. Manuscript for publication should be directed to the editor. ——— authors are 
urged to avoid diffuse writing and to observe the forms outlined in our Notice to Authors of Papers as it 
a rs on page 714 of the Dec. !950 issue. Entered as second-class matter, January 31, 1924, at the Post 

at Easton, Pa., under the act of March 3, 1879. es, for mailing at special rate of postage pro- 
vided for in Section ‘1103, Act of Oct. 3, 1917, ‘authorized Jan. 31, 1924. 


The JOURNAL OF CHEMICAL EDUCATION is the official organ of the Divisions of Chemical Education 
and History of Chemistry and inco: Soaperaten the Report of the New land Association of Chemistry — 
and the Proceedings of the Pa of Chemistry Teach It is 

the Education Index, Industrial Arts Index, and, in part, in the Quarterly Cetnaliites Index lees. 


Copyright, 1951, by Division of Chemical Education, American Chemical Society 
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a : Small Size Adapter plus 
; washer for 2mm. Stopcocks 
4 @ UNIVERSAL STOPCOCK ADAPTER 


Medium Size Adapter plys 
washer for 6mm. Stopcecs 


® Here is a boon to all laboratory 
workers who require pressure 
stopcocks for burets, gas sampling, 
measuring apparatus, etc. Now, by 
Medium Size Adapter less choosing the proper size Universal 
washer for 8mm. Stopcocks Stopcock Adapter,any glass stopent 
in the laboratory can be converted 
to a pressure tight stopcock. 


® Exceptionally strong and rugged 


OF LABORATORY STOPCOCKS with a functionally modern conten 


these new stopcock adapters 
eliminate the annoyance of leaking 
stopcocks and the high cost of spetill 
pressure stopcocks. They are 
manufactured completely of 
corrosion resistant materials. 


Detailed Description:—The adapter 
consists of an internai adjustable clam 
made of corrosion resistant spring 
brass, nickel plated, which grasps tht 
stopcock plug and to which is fastenelal 
aluminum screw. Fitting around this 
clamp is an aluminum barrel which rei 
against the shell of the stopcock. A 
beryllium bronze coil spring fits argt 
the aluminum screw and two alumina 
nuts are used to fix the compression 2 
the spring against the aluminum 
Large Size Adapter plus An water on 

small si: stopcocks in the range 
washer for 10mm. Stopcocks the adapters. 


PRICE LIST 
G 23006 A: Stopcock adapter, Uni 
Small, complete with washer, for ‘ 
from 2 to 4mm. bore. each $1.8 


G 23006 B: Stopcock adapter, Uni 
Medium, complete with washer, for stops 
from 6 to 8mm. bore. each 


G 23006 C: Stopcock adapter, Un 
Large, complete with washer, for # 
from 10 to 15mm. bore. each $34 

in 1 dozen lots: 10% discount 

in 2 dozen lots: 15% discount 

in 3 dozen lots: 20% discount 


LEIVER 


NEW YORK 13, N.Y. 


TO COVER 


Large Size Adapter less 


washer for 15mm. Stopcocks Me 


20-26 N. MOORE STREET ( 


| 
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the Newly Developed 
RUDOLPH 


PHOTOELECTRIC 
SPECTRO-POLARIMETER 


FOR ROTATORY DISPERSION MEASUREMENTS IN THE VISIBLE AND ULTRAVIOLET RANGES 
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Model 200S-70 


FOR FURTHER INFORMATION WRITE TO 


O. C. RUDOLPH & SONS 


Manufacturers of 
OPTICAL RESEARCH AND CONTROL INSTRUMENTS 
P. O. BOX 446 CALDWELL, N. J. 
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FOR ACCURATE 
pH CONTROL 


The Beckman Model G pH Meter provides fast and 

accurate pH measurements in field, plant or labo- 

ratory. Readings can be made from 0 to 14 pH—and 

reproduced—to an accuracy within 0.02 pH unit.. 

The instrument is entirely self-contained. Its circuit 

is based on a null-zero balance of the voltage 

developed at the electrodes against the variable 

voltage of a precision slide wire potentiometer. 

The condition of balance is continuously indicated, 

permitting rapid adjustments. Maximum 

sensitivity is reached at null point. Accuracy 

is independent of the mechanical properties of a 
registering meter. 


Model G can be used also for electrometric titrations 
and oxidation-reduction potentials. Built-in 
temperature compensation automatically corrects for 
temperature over the range 10° to 40° C. 


Glass electrodes to meet extreme conditions are 
available for use with Model G. For example, 

type E glass electrode permits accurate readings in the 
alkaline range pH 9—pH 14. Measurements up 

to pH 11 may be made without error in 1 normal 
sodium ion concentrations. Electrodes are avail- 

able for micro quantities, high temperature use, etc. 


Write for circular MP 584 describing Refinery Supply Company 
the Beckman G Meter and pH Electrodes. Tulsa, Oklahoma 


CENTRAL SCIENTIFIC COMPANY 


Scientific Instruments * Laboratory Supplies 
1700 Irving Park Road, Chicago 13 


CHICAGO NEWYORK NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVED 
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PIPETTES AND ACCESSORIES 


SPECIFICATIONS 


Ultra Micro Pipettes are individually calibrated with dry mer- 
cury to contain. Graduation marks are accentuated with red 
enamel filler. Delivery tips are stone beveled and have an outside 
diameter about four times bore size. Length of pipettes is from 
110-175 mm. Pipettes are made from especially drawn PYREX 
capillary tubing. 


TOLERANCES 


The National Bureau of Standards has not as yet established 
tolerances on these pipettes. Because many laboratorians would 
like to avoid the necessity of re-calibrating their pipettes, the 
following tolerances have been established for “aba’’ production 
—each unit guaranteed to be within these limits, (A = .001). 


1—10 lambda .... 1.0% of total capacity 
11—49 lambda ... . 0.75% of total capacity 
50—500 lambda... . 0.5% of total capacity 


No. TYPE Each | Carton 
2410 | To contain 1, 2, 3, 4, 5, 6, 7, 8, vee 1¢ r. Sizes caged be assorted. 
(Carton of $2.00 | $21.60 
2411 | To contain 15, 20, 25, 50, 60, 70, 75, 80, 100. Sizes 
be assorted. (Carton of 12).. 1.80 19.44 
2412 | To contain 125, 150, 200, 250, 300, 400, 500 ». Sizes ime be 
assorted. (Carton of 12). 2.00 21.60 
2413 | 2,4,6,8, 102. Sizes niay be assorted. Filled with ac- 
tion usually with small rubber of 
12).. 2.50 27.00 
2414 | Rholberg Qualitative Transfer 1.0 ml. (Carton of 72)......... .25 16.20 
2415 | Syringe Pipette Control with Lucoflex cts bs 1 ml. 
(Carton of 6).. 4.00 21.60 
2416 | Graduated ne Ultramicro > Pipette Calibrated to con- 
: tain; five graduations on each pipette. See below for sizes. 
Sizes may be assorted. (Carton of 12) .. s 2.30 24.84 
1 2 5 10 25 30 40 50 
5 10 25 50 100 125 150 200 250 


2410-2411 2412 


Kirk Transfer 
Ultramicro Pipettes 


Self-Filling Transfer 
Pipette Control 
uated Measuring 


TANDARD SCIENTIFIC SUPPLY CORP. 


4 West 4th Street 
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MODEL PO LAROG RAPH 


MANUAL 


E. H. Sargent & Co., the mane 


The Model III is recommended: 

(1) In those routine analyses where only one substance 
is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions in- 
volving simple ions in fairly substantial concentrations. 
In such cases, step height may be measured as the differ- 
ence between two points, one on the residual current 
plateau and one on the diffusion current plateau. For 
measurements of this type, a simple manual instrument 
such as the Model III is preferable to a recording Polar- 
ograph because of the speed and ease with which it may 
be operated even by relatively non-technical personnel. 


(2) In those laboratories where a recording instrument is 


now in use for several determinations, a Model III may 
be used for each determination, thus releasing the record- 
ing Polarograph for research purposes and for establish- 
ing the conditions of the routine analyses. 

(3) In the performance of amperometric titrations. 

(4) For instructional purposes in educational institutions 
where the 315 mm. long, readily visible scale and the sim- 
plicity of design make the Model III Polarograph ideal 
for demonstrations and illustration of the basic circuit 
employed in Polarographs. 

Essentially the Model III provides facilities for the 
incremental application of voltage across the dropping 
mercury electrode cell and for indicating the resultant 
current passing through the cell. The cell current is 
measured by a highly sensitive galvanometer from which 
a line light image is transmitted, through a mirror system, 
to a translucent scale located above the instrument panel. 
The scale is double graduated from —150 to +150 mm. 


SARGENT 


Recording; the Model Xf 
eis Photographic Recording, and 
i the Model III Manual. 
y The Model III Polarograph 
Vetorennere may be used in any phase of 
ee polarography, but it is parti¢ 
ularly recommended for appli 


facturer of Polarographs, offes 
three different Polarographs= 
the Model XXI Visible Cham 


cations to which it is peculiarly 
suited and in which recording 
facilities are unnecessary. 


with zero center in red at top and from zero to +300 mm 
in black at the bottom. The scale is 31.5 cm. long, with 
circular curvature, to eliminate tangent error. Eath 
graduation is extended 15 mm. at left for zero adjustment. 
A continuous selection of bridge voltage from 0 to 3 volts 
is provided, and the selection of output voltage is 
rotation of a single dial, this dial reading direct in 
millivolts per span volt. Current is calculated simply by 
multiplying scale reading by multiplier reading by sens- 
tivity coefficient of galvanometer. To adjust galvanometer 
sensitivity a ten position Ayrton galvanometer shuntis 
provided. Galvanometer sensitivity is approximately 
0.005 microamperes/mm. and galvanometer shunt ratios 
are from 1:1 to 1000:1. A three position toggle swith 
permits that the sense of the galvanometer scale remain 
unchanged regardless of cell current direction or polarity 
of the dropping electrode. 

A ten turn helical potentiometer serves both for upscale 
and downscale compensation and for adjustment of the 
galvanometer zero position. 

Another potentiometer incorporating a power switt 
serves to select the desired voltage across the bridge. A 
panel mounted voltmeter accurate to 1.0% of full scale 
indicates the voltage established. 

The instrument is mounted on a cast aluminum base 
and enclosed in a sheet metal housing provided with’ 
hinged top and finished in black enamel. All controls aft 
mounted on a polished aluminum panel. 
$-29290 POLAROGRAPH—Manual, Indicating, Modé 
III, Sargent. Complete with three No. S-30858 dry cells 
one No. S-29304-A galvanometer lamp, one set No. PN 
1995 cell lead wires, one No. P.N. 2067 calibrating 
resistor plug, 250,000 ohm, and cord and plug for cor 
nection to standard outlets. For operation from 115 volt 
50 or 60 cycle circuits $390: 


10 


SCIENTIFIC LABORATORY INSTRUMENTS APPARATUS CHEMICA® 
, E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINO} 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIG 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEMA 


JOURNAL OF CHEMICAL EDUCATION, DECEMBER, 195) 


| 
5 
é t. Off. ; 
S. Pa 
idemark Reg 
4 
wes. 
| 
ed 
: 
Plea 
| 
he 


PYREX Brand 
LABORATORY WARE 
Helps Cut 
Replacement Costs 


Tough, durable PYREX brand laboratory ware has 


© thermal and Physical shock 
that stands up under student knock-about use. And 


¢ extra long, dependable ser 
brand gi 


the added resistance t 


type times to 1. 


Behind the outstanding advantages of PYREX brand 
laboratory wareisa scientific blending of physical and 
chemical characteristics ++ 80 Carefully carried out 
that all the Properties essential for economy, accu- 
racy and durability are combined and Maintained at 
their maximum value. See your laboratory dealer 
now about your future PYREX requirements, 


CORNING GLASS worKs Corning, N.Y, 


AICHIGA 


ll 
>, TEXA ! ting to advertisers 
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Please mention 
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vice that PYREX = 
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Show that PYREX brand ollege, for example 
hunt is BETTER AND MORE USEFUL « 19. a 


STANDARD 


PURITY 


REAGENTS 


FOR YOUR ANALYTICAL WORK, you 
are always assured of dependability 
when you “specify B&A Quality 
Reagents”. This is because Baker & 
Adamson makes no compromise on 
the purity of its reagents. Each is 
precision-made to meet the rigid, pre- 
determined specifications of the 
American Chemical Society itself! 


WITH REAGENTS not covered by 
A.C.S. specifications, Baker & 


...A Name You Can Trust 


Adamson establishes its own exact: 
ing standards of purity—comparably 
high . . . equally dependable. 


OVER 1,000 high purity products 
bear the familiar B&A Shield of Qual- 
ity. They are available from B&A’s 
own nation-wide chain of distributing 
points to save you time and money in 
laboratory operations. For your needs, 
specify B&A Reagents . . . first choice 
of American chemists since 1882. 


BAKER & ADAMSON 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


Offices: Albany Atlanta ¢ Baltimore* Birmingham* ¢ Boston Brid 


rt* © Buffalo* 


Charlotte* * Chicago* ¢ Cleveland* * Denver* Detroit* Greenville (Miss.) Houston* 


ae ¢ Kalamazoo ¢ Los Angeles* 


ittsburgh* ¢ Providence* ¢ St. Louis* 


Minneapolis * New York* © Philadelphia* 


San Francisco* ¢ Seattle Yakima ( 


In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 


SETTING THE PACE IN CHEMICAL PURETY SINCE 1882 


Complete stocks «re carried heres 
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There’s a in the 


HARSHAW LINE 


* It’s designed for use in metallurgical, 
chemical, and clinical labs 


* It’s made of STAINLESS STEEL 


* It’s completely air-tight and mois- 
ture proof 


Here’s the answer to your demand for a 
desiccating cabinet that is durable, air-tight 
and moisture proof, and adaptable to many 
applications. Built for convenient use, this 
attractive new cabinet will serve well in the 
metallurgical, chemical, or clinical labora- 
tory. It incorporates many useful features: 


1. Specially designed warp-proof, air-tight door which is gasketed 


with a pure gum rubber seal. 


2. Needle valve to relieve pressure. 


. Large capacity. 


3 
4. 18-8 stainless steel throughout. 
5 


. ¥6’" glass windows which are tightly cemented to the frame. 


6. Adjustable asbestos shelves. 


This new cabinet may be used for cooling 
ignition samples, or for storing metallurgical 
samples, and it is also ideal for storing 
dissecting instruments and other types of 
surgical instruments. The shelving consists 
of two asbestos shelves, 8” x 934’, each with 
twelve 7%’ holes, and one removable stainless 
steel tray, 8’’ x 9’ x 54”, to hold approxi- 
mately one pound of desiccant. Also included 


are three sets of removable shelf brackets with 
runners adjustable every 4’. Pressed feet 
on the bottom of the cabinet and correspond- 
ing indentations on top facilitate stacking and 
storing so that several of these cabinets may 
be kept in a relatively small space. Inside 
measurements are: height, 12”; width, 1144”; 
depth, 10’’. Outside measurements are: height, 
1244”; width, 1244”; depth, 1244”. 


H-18877— Stainless Steel Desiccating Cabinet. Each $67.50 


Quantity prices on request. 
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A new, stable 
primary standard for 


Karl Fischer reagent 


In a recent study,! Sodium Tartrate Dihydrate 


for determining the strength of Karl Fischer 
reagent. Out of fifteen chemicals tested for suit- 


ability as standards, only Sodium Tartrate 


was shown to be the ideal primary standard | 


Dihydrate afforded all the following advantages: 

1. A solid, crystalline chemical, stable at extreme humidities and 
for prolonged periods of time without special storage pre 
cautions. 


2. A water content that does not vary more than plus or minus 
0.05% from theory. 

3. A water content rapidly and quantitatively titratable to 4 
sharp end point. 


Significantly, SODTUM TARTRATE MERCK, Reagent, was the chemical used 
in this investigation. Write us today for complete details on this new procedure. 


1. Neuss, J. D., O’Brien, M. G., and Frediani, H. A., Analytical Chemistry 23, 1332 (1951) 


MERCK LABORATORY CHEMICALS 


—PRECISION TOOLS FOR ACCURATE ANALYSIS— 


MERCK & CoO., Inc. 
In Canada : MERCK & CO. Limited—Montreal 
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HARRY HOLMES .. Formerly Head Chemistry 
Dept., Oberlin College 


Introductory COLLEGE CHEMISTRY 
Fifth Edition 


The Fifth Edition of this text represents a somewhat 
more radical revision than usual, bringing it into line 
with present concepts of teaching chemistry. More 
emphasis is placed on the influence of size and struc- 
ture of the atom. Hydrogen instead of oxygen is 
selected as the first element of study. Published in 
June— $4.75. 


W. LATIMER « Professor, Chemistry, University of California 
J. HILDEBRAND « Professor, Chemistry, University of California 


Reference Book of INORGANIC CHEMISTRY 
Third Edition 


' In the third edition recent investigations in the field are in- 
cluded and the entire book brought up-to-date. The sub- 
jects of molecular structure are emphasized heavily. 
Oxidation-reduction potential diagrams are given for almost 
every element. Published in December. 


Assoc. Professor, Chemisiry, « STUART BRINKLEY 
Yale University 


Principles of GENERAL CHEMISTRY 
Fourth Edition 


In the revision the experimental background of the 
fundamental principles receives greater emphasis, the 
essential plan of organization remains the same and 
greater use is made of structural relationships with 
emphasis on the particle nature of matter and the inter- 
pretation of the behavior of substances in terms of these 
particles. Published in April—$5.00. 


THE MACMILLAN COMPANY 
New York, New York 
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@ The chemist is one of the world’s most exacting buyers. He has to be... 
his work often depends wholly upon the purity of the laboratory chemicals 
he uses. That's why more chemists than ever before choose from the over 
400. Mallinckrodt Analytical Reagents. 


MALLINCKRODT CHEMICAL WORKS 
Mallinckrodt St., ST. LGUIS 7, MO 72 Gold Street, NEW YORK 5, N 


Chicago * Cincinnati Cleveland Los Angeles 
Philedeiphia San Froncisco * Montreal * Tofonto 
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Better Equipment 
for your Laboratory 


ARTHUR S. LAPINE 
AND COMPANY 


invites you to reserve a copy of the 
completely new Sixth Edition of 


THE MERCK INDEX 


OF CHEMICALS AND DRUGS 


Fully cross-referenced, listing chemical, trade, 
and common names to guide the user quickly and 
accurately to the exact information needed. 


OUTSTANDING FEATURES: 

@ Supplies the chemist, pharmacist, physician, dentist, 

veterinarian, botanist, and members of allied professions 

with a wealth of readily available and dependable ma- 
terial. 

e Approximately 20,000 names of chemicals and drugs 

alphabetically arranged and completely cross-indexed. 

(User can find any listing by looking under either the 

trade, chemical, or common name.) 

@ Each main entry indicates the preferred chemical name 
and other chemical names, common or pop- 
ular names, generic and trade names, thor- 
oughly cross-indexed. 

e Structural formulas drawn according to 
modern practice, reproduced from actual 
drawings including numbering systems, are 
three times more numerous than in the 
Fifth Edition. 

e Sources, methods of preparation, physical 
and chemical properties of substances, with 
literature references, are given, followed by 
an indication of uses, industrial, medical, 
and veterinary. 

e Hazards, toxicities, and other safety fac- 
tors are mentioned. 

@ Indication is given of commercial availability and 

grades, such as U. S. P., N. F., reagent. 

e Empirical formulas, molecular weights, and percent- 

age composition are given for all substances having a 

definite chemical structure. 

e@ Almost 100 pages of valuable appendices. 


Take advantage of PREPUBLICATION OFFER 
$7.00 reguiar Edition $7.50 thumb-index Edition 
(IN CANADA: $8.00 AND $8.50, Canadian Fuads) 


ARTHUR S. LaPINE AND COMPANY, N 121 W. HUBBARD ST., CHICAGO 10, IL. 
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Self-alignin 
Bearings. 


20 KG. Capacity | 
1 Gram Sensitivity 


Model 119 Heavy Duty 
Solution Scale 


MODEL 1195: Scale with 
heat, corrosion and chem- 
ical-resistant stainless steel 
platform. 

Price $100.50 Metric 


@ Base...Heavy cast-iron construction 


@ Beam...Cast-iron construction car- 
ries heavy loads without deflection 


MODEL 120: Scale 


Subject Box-box 
@ Graduated Beams . . . Stainless Steel 18” height, 12" wid 
| depth. For use in 
@ Tare Poise . . . Locking for repeti- animals. 


tive weighings Price $113.70 

- The rugged durability of this scale, together with its high capacity and 
sensitivity, makes it adaptable to a great number of laboratory, scientific, 
agricultural and industrial uses. It may be obtained with iron or stainless- 
steel platform; also, with animal box in either metric or avoirdupois 
calibrations or a combination of both. 


SPECIFICATIONS 


Undiv. 


Pan 
Tare Cap. i 


Dia. 


Sensi- | 
tivity 


Auxiliary 


Beam Calibrations 
Model | Capac. Weights 


Front 


| tgram | 100gr.x 1 gr. 1000 gr. x 100 gr. | 2270 gr. |10Kg.x1Kg.| 11” $ 93.00 
p 1/16 0z. | 2 0z. x 1/16 oz. 2 Ibs. x 2 oz. Slbs. |20 Ib. x 2 Ib. 2 a 97.50 
.002 Ib. | .1 Ib. x .002 ‘b. 2 Ibs. x .1 Ib. S lbs. {20 Ib. x 2 Ib. 17 101.25 
1 oo 100 gr. x Igr 1000 gr.x 100 gr.| 2270 gr. |10 Kg. x1Kg.| 11” 136.50 
1/16 oz. 202% 1/1602 5 Ths. x 2 Ib. 


OHAUS SCALE CORPORATION @ 1050 Commerce Ave., Union, New Jersey 
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E TER TS 


Introduction to 
4 SEMIMICRO QUALITATIVE ANALYSIS 


tivity by C. H. SORUM, University of Wisconsin 


OUTSTANDING FEATURES: 


1. The material is presented clearly and simply for maximum teachability. 
Principles are discussed as notes following the procedures in which they 
are applied. Jn this way, a student gets the explanation of a fact, principle, 
or process exactly when such explanation is called for. 


2. The entire book is organized around the procedures. Thus, daily assign- 
ments, on the basis of specific procedures, are easy to make. The pro- 
cedures themselves are numbered and set off with bold faced type head- 
ings as an aid to the student in following developments in the analytical 
processes. 


3. A group of carefully selected questions at the end of each chapter serve 
to test the student’s grasp of important concepts as they are introduced, 
and provide an excellent guide to extended classroom discussion. 


4. All concepts are presented in concise, to-the-point fashion, making this 
text ideal as a laboratory manual for second semester general chemistry. 
The book is short enough so that it can be completed from cover to cover 
in one semester. 


5. Important ionic equations are introduced to the student as they are 
applied in ion separations. 


6. A useful appendix at the end of the book gives detailed directions for 
preparing solutions and special reagents. 


CONTENTS 
I. The Practice of Qualitative Analysis 
II. Solutions and Solubility 
Ill. The Silver Group 
IV. The Copper-Arsenic Group 
Vv. The Aluminum-Nickel Group 
VI. The Barium-Magnesium Group 
VII. The Analysis of Alloys 
VIII.. Preliminary Tests for Anions 
IX. Specific Tests for Aniens 
X. The Analysis of Salts and Salt Mixtures 
XI. Recording and Reporting Analyses 


Appendix 


196 pages 55%” x 834" Published 1949 
Send for Your Copy Today 


PRENTICE-HALL, INC., 70 Fifth Avenue, New York 11, N. Y. 
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w-Hill Books 
FIRST YEAR COLLEGE CHEMISTRY 


By J. W. Barker and Paut K. Giasog, Wittenberg College. 501 pages, $3.00 


Designed to provide the foundation of encyclopedic fact and underlying principles upon which a 
student can predicate further work in chemistry. Emphasis is on the exposition of principles, but 
these are supported by adequate descriptive matter, including historical background. 


A SOURCE BOOK IN CHEMISTRY (1400-1900) 


By Henry M. Leicester, College of the Physicians and Surgeons of San Francisco, and 
Herbert S. KuickstTein, University of Pennsylvania. Source Books in the History of the 
Sciences. Ready in March 


An exceptional volume, containing selections from 82 classic papers in the history of chemistry, 
each with a brief introduction explaining the significance of the contribution and relating it to the 
other selections. A short introduction indicates the earlier ideas which led up to the first 
selection included. 


PROBLEM BOOK FOR GENERAL CHEMISTRY 
By R. H. LeRoy, Agricultural and Mechanical College of Texas. 170 pages, $1.90 


A supplementary problem book for general chemistry courses, this manual offers a selected 
number of the important problem types in a simple, direct, and orderly presentation. The con- 
tinuity and generality of problems are revealed throughout the book. An introductory section 
provides a brief review of some of the fundamental operations of arithmetic. 


ABSORPTION AND EXTRACTION. New 2nd Edition 


By Tuomas K. SHERwoop, Massachusetts Institute of Technology, and Rosert L. Picrorp, 
University of Delaware. Chemical Engineering Series. Ready in December 


Covers the theory, design procedures, and performance data relating to mass transfer between 
phases, especially the industrial counter-current operations of gas absorption and liquid-liquid 
extraction. The new revision covers the large amount of new material which has become avail- 
able since publication of the first edition. 


UNIT PROCESSES IN ORGANIC SYNTHESIS. New 4th Edition 


By P. H. Grogerns, Chemical Engineer, United States Department of Agriculture. Chemical 
Engineering Series. Ready in February 


Presents the industrial technique in converting organic raw materials into usable products through 
the mastery of unit processes. The underlying principles and factors for each unit process are 
organized in a systematic manner, with most emphasis upon fundamentals. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 36, N. Y. 
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Johan Frederik Eykman 


(See page 616) 
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Accurate, 


Good Sensitivity 
Dependable 


Accuracy 


CAPACITY 


Patent No. 1,872,465 111 g 


With extra weight 201 g. 


SENSITIVITY 
0.01 g. or less 


Patented 
COBALITE Covered 
BEAM SCALES ONE-PIECE BEAM 
at eye level CONSTRUCTION 


4030. BALANCE, Triple-Beam, Stainless Steel. This balance has for many years 
held a high place among triple-beam scales for accuracy and high sensitivity. We now 
present it in an improved form, just as sensitive and ideal for rapid weighings within its 
capacity in physics and chemical laboratories. 


Each 


Circular 
Extra weight $1.25 additional 


10, MUNOIS, A. 


22 JOURNAL OF CHEMICAL EDUCATION, DECEMBER, 195 


= 
5 
| 
j 
| 
= 
~~ 
No. 4030 
| 
| 
| 


its 


I nave just finished trying to tell my son one of the hardest. things for children 
(and older folks) to understand: that our talents are not possessions for us to dis- 
pose of as we wish; that we have a responsibility to develop them, not merely in 
our own interest but for the benefit of everygne about us. If I have musical 
ability I need not become a professional musician but I should develop that ability 
so that everyone around me may be happier; if I have talent in art I should practice 
and make use of it so that I shall make the world around me brighter and more 
attractive; if I am a potential leader of others I have the responsibility to learn to 
do it unassumingly and effectively; if I have a keen and retentive mind it is my 
duty to sharpen it and put it to work, and not let it degenerate for lack of exercise. 
We have come to our present state of civilization and culture, not by everyone 
trying to see how nearly he can be like everyone else but by encouraging each 
person to make the most of himself and to exaggerate his differences to the utmost. 
If we want to have a fine garden we don’t clip off the little budding shoots when 
they come through the flat ground; we encourage each one to grow as strong and 
as tall as it can, and after a while we have a beautiful garden or a rich crop of grain 
or a fine stand of timber. ; 

It is hard for children—and the rest of us—to learn that we owe it to ourselves, 
to our friends and neighbors, and to our country to make the most of our talents 
and abilities. Still, the organization of our country—and a large portion of the 
rest of the world—is based upon this principle of social responsibility, while at the 
same time recognizing the rights of the individual in his own sphere. 

The country is in an emergency in which it needs to use all its resources most 
effectively. From its name, it would seem that Selective Service had been founded 
upon the principle of social responsibility just outlined. To require each to serve 
his country according to his talents and abilities was its original intention. But 
for a long time it paid little if any attention to individual differences, except physical 
infirmities. More recently, it seemed that there was to be intelligent, selection. 
Now it is reported that the head of Selective Service himself is suspicious of selec- 
tion on any basis other than availability. This seems to many of us an attitude 
dangerous to the public interest. 

The argument for conserving and developing the best brains has been presented 
so many times that it is unnecessary to repeat it. No one has been heard to deny 
that our country will survive—if it does—because of brains and ingenuity rather 
than population. Certainly, it will be hard to separate the brains out of the popu- 
lation, and very likely we cannot do it with perfect effectiveness and justice. But 
the first step in the accomplishment is obviously accepting the task in principle. 
And if we don’t do that—we shall live to regret it. 
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J onan Frederik Eykman was born on January 19, 1851, 
in the small town of Nijkerk (Holland), the second son 
in a family with eight children—five boys and three 
girls. He and his brothers received their primary edu- 
cation from their father who kept a boarding. school 
from 1850 to 1860. Although all five boys were un- 
usually gifted, only one, Christiaan, rose to a position 
of pre-eminence as professor of hygiene at the Univer- 
sity of Utrecht and winner of a Nobel prize in medicine 
(in 1929) for his work on beriberi. The family moved 
to Zaandam in 1860 where Johan Frederik, after com- 
pleting his high-school education, was apprenticed to a 
pharmacist. On passing his preliminary examination 
in 1869, he spent two years in a pharmacy at The Hague 
and then went to Amsterdam to continue his pharma- 
ceutical training at the Atheneum (since 1878, Munic- 
ipal University) under Professor Gunning whose labora- 
tory assistant he was for four years (1872-76). He ob- 
tained his diploma as pharmacist in October, 1874, and 
the next year he also passed the entrance examination 
to the University of Leiden where he planned to study 
physics and chemistry. He never went there, for in 
1876 he was asked by the Japanese Government—no 
doubt on the recommendation of Gunning—to join a 
group of Dutch pharmacists who had been engaged to 
organize the hygienic and pharmaceutical services in 
Japan. 

The shogunate had just been abolished and the mod- 
ernization of Japan was in full swing, with the help and 
advice cf numerous English, Dutch, German, and 
American experts. Eykman stayed nine years in 
Japan, the last four as professor of organic and pharma- 
ceutical chemistry in the medical faculty of the Univer- 
sity of Tokyo, at a monthly salary of 250 yen. He 
first taught in English with a Japanese interpreter but 
later on his lectures were given exclusively in German. 
With five hours of teaching a day, in addition to his 
phytochemical studies, his task was exceedingly onerous 
and he was forced to resign when his health began to 
give way. He developed stomach trouble which both- 
ered him to the end of his life. Before he left he was re- 
ceived by the emperor who conferred on him the Order 
of the Rising Sun with the thanks of the Japanese 
Government for his services to the empire. 

On his return voyage to his native land Eykman spent 
four months, from October, 1885, to February, 1886, at 
the world-famous botanical garden of Buitenzorg 
(Bogor), near Djakarta, the capital of Indonesia. 


1 Presented before the Division of History of Chemistry at the 
119th Meeting of the American Chemical Society, Boston, April 
2-6, 1951. 
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* JOHAN FREDERIK EYKMAN—A PHYSICAL 


H. S. VAN KLOOSTER 
Rensselaer Polytechnic Institute, Troy, New York 


In Amsterdam, where Eykman settled, he finished 
his Commentary of the Japanese Pharmacopoeia, g 
voluminous work of over 1500 pages. Van’t Hoff, at 
that time the leading physical chemist in Holland, ex. 
tended a hearty welcome to Eykman, one year his sen- 
ior, and gave him working space in his own private 
laboratory. 

In 1890 Eykman was appointed professor of phar- 
macy at the University of Leiden. Since the laboratory 
and its equipment were in poor condition Eykman ex 
pected to be provided with modern facilities in a new 
location; the Dutch Government, evidently, did not 
accede to his legitimate requests, whereupon Eykmanre- 
fused the appointment. 

He then continued his researches in a private labora- 
tory of his own until 1897, when the chair of pharma- 
ceutical chemistry at the University of Groningen was 
offered to him on the death of the incumbent Plugge, 
who had been a collaborator of Eykman in Japan. 
This time he accepted and held this professorship until 
1905. When his colleague Holleman left for Amster- 
dam Eykman took his place as professor of organic 
chemistry but remained in his pharmaceutical labora- 
tory. He died ten years later of a heart attack, at the 
age of 64. . 

A perusal of the list of Eykman’s publications, from 
1878 to 1911 (about 60 in all), shows that Eykman was 
an extreme individualist. There is not a single paper 
showing double or plural authorship as a mark of clos 
cooperation between master and pupils. Omitting 
Eykman’s purely pharmaceutical and phytochemical 
researches carried out between 1878 and 1888, we find 
his first physicochemical investigations, performed in 
van’t Hoff’s laboratory, recorded in the early issues of 
the Zeitschrift fiir physikalische Chemie, founded in 1887 
by van’t Hoff and Ostwald. Eykman constructed 4 
very simple and effective apparatus (depressimeter) for 
eryoscopic determinations with which he examined 
scores of organic compounds in their effect on the freer 
ing point of various solvents. The anomalous results, 
obtained by Eykman in a number of solutions, led van't 
Hoff to the publication, in the same journal (1), of his 
celebrated article on solid solutions. About twelve 
years later Eykman designed and made an apparatus 
for ebullioscopic measurements, using the principle o 
heating the solution by means of the vapor of the s0- 
vent. This inexpensive outfit which can be made by 
anyone familiar with ordinary glass-blowing technique 
has been used for a number of years, both here and 
abroad. 

An interesting study dealing with shikimi acid, § 
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polyhydric monobasic naphthenic acid derived from 
illicium religiosum (poisonous star anise, shikimi-noki 
in Japanese), deserves special mention because, as 
(stwald (2) said in a review, “‘it is an excellent example 
of the applicability of physico-chemical methods for the 
determination of chemical constitution.”’ 

From 1890 onward Eykman devoted his time and 
energy almost exclusively to the study of organic com- 
pounds by means of refractometry. These researches 
have been edited in French under the title “Recherches 
réfractométriques’’ by his long-time friend and colleague 
Holleman. Upon this monumental work of 555 pages, 
published in 1919 and giving densities and refractive 
indices for close to 600 organic compounds, rests Eyk- 
man’s lasting reputation. 

At the very beginning of his refractometric studies 
Eykman found that the measurement of refraction 
(and dispersion) enabled him to distinguish between 
isomeric allyl and propenyl benzene derivatives. The 
allyl compounds when treated with boiling alcoholic 
potash changed invariably into the corresponding pro- 
penyl compounds with a considerable increase in 
molecular refraction (and dispersion). This important 
result, later supported by many corroborative experi- 
ments, led ultimately to the conclusion that it is useless 
tocompute molecular refractions by means of so-called 
atomic refractions, a practice which is still continued. 

Molecular refractions are obtained by multiplying 
the specific refraction by the molecular weight. The 
specific refraction, according to Gladstone and Dale’s 
empirical formula, is (n — 1)/d; according to the for- 
mula derived by Lorentz in Leiden and independently 
by Lorenz in Copenhagen it is 

n?—1 1 
n? + 2 d 


This specific refraction is stated to be independent of 
the temperature and to hold as well for the gaseous as 
for the liquid state. This is only approximately true; 
the first formula gives at higher temperatures values 
which are lower, and the second, values that are higher 
than those obtained at room temperature. 

Eykman set himself the task of extending the range 
of operating temperatures. Perkin, Sr., (3) had already 
determined values for n and d up to temperatures of 
around 90°C. Eykman went up to 140°, thus covering 
an interval of 120°. Without impairing the accuracy 
of his measurements he was able to reduce the size of his 
hollow glass prism containing the liquid to such an ex- 
tent that about 2 ml. were sufficient to determine den- 
sity and refractive index. The prism, closed on either 
side by a thin cover glass, contained a tiny thermometer 
of his own construction. Eykman’s special thermom- 


eters, each covering only a few degrees in order to do 
away with the stem correction, were so skilfully made 
that they could not be duplicated by professional glass 
blowers of a noted supply company in Germany. The 
prism in Eykman’s refractometer was movable while 
collimator and telescope were kept in a fixed position 
This arrangement has the advan- 


at an angle of 40°. 
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tage that only small openings in the heating bath are 
necessary to allow the passage of the light from the 
source. There is then no minimum deviation but two 
positions of the prism can be found to which the incident 
ray is deflected in such a way that it passes through the 
cross section in the telescope. Using this instrument 
Eykman found that between 20 and 140°C. the Glad- 
stone-Dale expression deviated between 0.6 and 0.8 per 
cent and the Lorentz-Lorenz formula between 0.7 and 


1.3 per cent. He succeeded in setting up an empirical 
expression 
n? —1 M 
n+0A4 da 


for the molecular refraction which gave for a large num- 
ber of compounds a deviation not exceeding +0.1 per 
cent, a remarkable improvement over the expressions of 
his predecessors. 

Following the example of Nernst, who first depre- 
cated the use of Eykman’s formula since it lacks theo- 
retical justification (4), practically all physicists and 
chemists have used the Lorentz-Lorenz formula. Hol- 
leman was, for a long time, the only chemist who recom- 
mended Eykman’s equation. ‘Why,’’ asks Holleman, 
“reject a good dinner because the cook has not given us 
his recipe?’’(5) After all, there are numerous empirical 
expressions in physical chemistry, such as Diihring’s 
rule and Trouton’s rule, which are used constantly. 
Even the theory of the parachor as developed by Sug- 
den is based on an empirical relation found by McLeod. 
Eykman himself, unable to convince his contemporaries 
of the superiority of his equation, used the older expres- 
sions along with his own. 

The net result of Eykman’s researches is a complete 


_ repudiation of the scheme developed by Briihl, Eisen- 


lohr, and their followers, of computing molecular re- 
fractions with the aid of a set of fixed values for atomic 
refractions, double and triple bonds, conjugated double 
bonds, etc. This is rather easy but does not always 
lead to reliable results. Eykman’s method, based on a 
comparative study of analogous compounds, saturated 
and unsaturated, is undoubtedly more complicated but 
at the same time more convincing. 

In 1915 the writer, from 1906 to 1910 a student under 
Eykman, expressed the hope that future generations 
might appreciate Eykman’s work more than his con- 
temporaries (6). In going through the literature deal- 
ing with refractometry over the past 35 years, it was, 
therefore, gratifying to find that Eykman’s formula has 
been rescued from oblivion and its usefulness extended 
by several American scientists whose work is briefly re- 
viewed below. 

In 1936 and 1937 Kurtz and Ward (7) showed that 
the theoretical foundation of the Lorentz-Lorenz for- 
mulaisunsound. They found that the Sellmayer-Drude 
dispersion equation can be modified so that it will give 
data which are in quantitative agreement with Eyk- 
man’s empirical equation. Furthermore, these authors 
pointed out on the basis of previous work that the Eyk- 
man equation also applies to the effect of pressure on 
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the relation between density and refractive index. This 
was strikingly confirmed the next year by Gibson and 
Kinkaid (8) who subjected benzene at temperatures be- 
tween 25° and 65°C. to pressures up to 1200 bars. 
Using the Maxwell relation 


(€ 


n? 


Kurtz and Ward replaced the Clausius-Mosotti ex- 
pression by the modified Eykman equation 


M 
Vve+04 
and here, also, it was found that the latter represents 
the experimental data much better than the Clausius- 
Mosotti expression. For example, for a nonpolar 
hydrocarbon, 2,2,4-trimethylpentane, Smyth and Stoops 
(9) found the molar polarization to be 39.14 at —110°C. 
and 39.86 at 90°. Using Smyth and Stoops’ data with 
the modified Eykman equation the writer obtained the 
values 86.91 and 87.15, a difference of only 0.3 per cent 
over an interval of 200°. 
Quite recently Dreisbach (10) showed that over the 
short range of 20° to 25°C. the Eykman equation repre- 
sents experimental data for a wide variety of organic 
compounds more accurately than the Lorentz-Lorenz 
formula does. Last year Kurtz, Amon, and Sankin (1/) 
supplied tables for hydrocarbons and nonhydrocarbons 
which clearly indicate the accuracy of the Eykman 
equation over a wide range of temperatures. 
For one who has seen and heard both Lorentz and 
Eykman, it is clear, apart from all other considerations, 
why Eykman’s formula was rejected by his contem- 
poraries and Lorentz’ formula universally accepted. 
Lorentz was renowned as a scientist, as a teacher, as a 
man among men. He was a brilliant lecturer, his stu- 
dents adored him, his friends were legion. Eykman, on 
the other hand, though gifted as a scientist and unex- 
celled as a glassware manipulator (van’t Hoff used to 
say that Eykman had learned this technique from the 
famous Japanese sorcerers), made himself obnoxious by 
his biting sarcasm and his perpetual contrariness. 
Van’t Hoff, highly appreciative of Eykman’s talents, 
found it difficult to satisfy the demands to which he was 
subjected, in view of the limited budget under which he 
operated his laboratory. When a student examining a 
substance given to him by van’t Hoff went to Eykman 
for advice, he was told to get Kahlbaum’s catalogue of 
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reagents and look up the cheapest substance offered fo, 
sale. That, no doubt, would be the unknown. By. 
man disliked lecturing. One hour a week was all he 
ever put in on this part of his official duties. He use 
to tell his students to study the various topics for them. 
selves and report to him when they had done so. Being 
always contrariminded, he made himself imposgib) 
among his colleagues and for that reason, if for no other, 
he was never elected a member of the Dutch Royg| 
Academy of Sciences. His one outstanding hobby—{for 
which he was known throughout the city of Groningen— 
was his love of horses. Whenever the weather was 
favorable he could be seen riding in his dogeart or walk- 
ing on the sidewalk with his horse pulling the cart and 
keeping pace with his master. Of commanding height, 
always immaculately dressed in a double-breasted 
frock coat, he had the respect, if not the affection, of 
those who knew him. Under an austere exterior he hid 
a fondness for the children of the indigent in the im- 
mediate vicinity of his laboratory which was located on 
the outskirts of the city. On the eve of Saint Nicholas 
(December 5) his factotum, the laboratory custodian 
Roosjen, was always instructed to distribute the gifts 
from the good Saint, with strict orders not to divulge 
the name of the donor. Of his private life little was 
known, except that he had married the sweetheart of 
his youth who for nine years had patiently awaited his 
return from Japan. The marriage, however, proved to 
be a failure and Eykman, for the rest of his life, lived 
alone having few outside contacts and very few stu- 
dents. Toward the end of his life he once remarked ina 
bitter moment that his horse was the only friend left to 
him. He was his own worst enemy and as a result his 
life was not a happy one. 
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Tue Board of Editors of “Inorganic Syntheses’ has announced 
that the copy for Volume IV of that publication will go to the pub- 
lishers during the early part of 1952. However, syntheses are 
still being accepted and will continue to be accepted for some time 
yet. Any which are accepted too late for Volume IV will be held 
over for Volume V. The Editors are particularly anxious to 
publish methods of preparing important or particularly interest- 
ing inorganic compounds, including the preparation of com- 
pounds of the less familiar elements, radioactive elements and 
some of the elements which have attracted attention in recent 
years such as fluorine, germanium, and beryllium. 


+ 


Methods which have been published in chemical journals may 
still be published in “Inorganic Syntheses” if they can be d 
scribed to advantage in greater detail than in the journal or if net 
and pertinent information can be added. 

It should be pointed out that while “Inorganic Syntheses” * 
being used by some courses in inorganic preparations, it is 
tended primarily as a manual for research workers. 

Until further notice, manuscripts should be sent to Dr. John © 
Bailar, Jr., Department of Chemistry, University of Illinois 
Urbana, Illinois. Directions to authors and style sheets willl 
sent upon request. 
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e STRUCTURAL CHEMISTRY OF THE INTERHALO- 


GEN COMPOUNDS 


Tue discovery and preparation of several of the inter- 
halogen compounds followed shortly after the discovery 
of the elements themselves. Since the halogens are all 
relatively strongly electronegative elements, each 
lacking one electron to complete its outer shell, they 
form diatomic molecules with a shared electron-pair 
bond between them: 

In a very similar manner, interhalogen molecules are 
formed, the simplest type being represented by CIF, 
BrCl, IBr, etc., whose physical properties are inter- 
mediate between those of the two elements involved (1) 
(see the table and Figures 1 and 2). 
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However, these properties are not necessarily the 
average of those of the two parent elements. 

Of the six possible uni-univalent halogen halides, five, 
all except iodine fluoride, are known to exist; the latter 
is probably too unstable, since in the known iodine- 
fluorine compounds, iodine always has a valence greater 
than 1 (2). 

Of considerably more interest from a structural 
standpoint are the interhalogen compounds in which 
one of the halogens has a valence greater than 1. Three 
such series exist: AB;, AB;, and AB;. No compounds 
are known where an even number of atoms of one halo- 
gen combine with an odd number of another; such a 
molecule would have an unpaired electron. 

Of the twelve possible tervalent halogen halides only 
four are known to exist. Prideaux (in 1906) predicted 
the formation of IF;, as well as IF, but since he claimed 


that BrF could not be 
By”. CF Cl, BrCl BrF Bro ICl IBr Iz formed because he always 
M. p., °C. -10 27 36 114 Obtained BrF; from various 
B.p., °C. — 187 — 100 —35 5 20 59 97 ~=s:116 re proportions of the two ele- 
Sp. gr. 1.31 1.62 2.49 mi 3.13 3.18 44 49 Vote his predictions are 
250°C T T T T T T T T T T T T T T ] 250°C. T T T T T a] 
225 | 225 e A, MOLECULES 
ABs 200 e 48 
175 a Abs AB, 
5) © AB, 175 a ABs 
| 150 © AB, 
125 L | 125 
10 7 100 
| 
50 + 50 
| 
L OIF | 
0 0 | 
—25 7 —25 
| 7 -100 | 4 
~125 7 —125 
-150 —150 4 
~175 + -175 
~200 + -—200 + -{ 
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 
Molecular Weight Molecular Weight 
Figure 1. Boiling Points of the Interhalogen Comp d Figure 2. Melting Points of the Interhalogen Comp d 
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probably not reliable (3). More recent measurements of 
the vapor pressures and melting points of mixtures of 
iodine and iodine pentafluoride show no evidence of the 
formation of any iodine fluorides in which iodine has a 
valence of less than five; direct combination of the ele- 
ments also produces only the penta- and heptavalent 
compounds (4). 

Similarly, of the twelve possible quinquevalent com- 
pounds, only two, BrF; and IF;, are known and of the 
septavalent, only IF, (2,4, 5, 6). IBrsislisted in 
Condensed Chemical Dictionary” (7), where it is 
described as a brown liquid, but since no further refer- 
ence has been found to such a compound, it may be 
merely a mixture. No compound of the halogens con- 
taining three or more different elements is known. — 

The interhalogen compounds are all prepared either 
from direct combination of the elements or by halogena- 
tion of a lower halogen halide, usually at temperatures 
from about 200° to 250°C. and often with special pre- 
cautions and equipment because of the extreme reac- 
tivity and corrosiveness of many of these compounds 
(3, 4, 8, 9). The polyfluorides are becoming increas- 
ingly useful as substitutes for fluorine in fluorination 
reactions, chlorine trifluoride being even more reactive 
than fluorine itself, probably due to its dissociation to 
form fluorine atoms. Iodine heptafluoride is also more 
reactive than either fluorine itself or the pentafluoride, 
possibly due to the catalytic effect of the I atom (/0), 
but it is less hazardous to handle and transport. Iodine 
monochloride has long been known as an analytical 
reagent and catalyst, and is now also used in organic 
syntheses; it is also used medicinally, as is the tri- 
chloride (7). The compounds of bromine with chlorine 
and with iodine are also used medicinally (7). Chlo- 
rine monofluoride was used by the Germans in the manu- 
facture of incendiary bombs during the last war. Sev- 
eral of the compounds also have potential military uses 
as poison gases. 

The structures of the interhalogen compounds are 
very difficult to determine for several reasons: (1) 
the lightness of the fluorine atom prevents any accurate 
measurements of its compounds by electron diffraction 
methods, since fluorine diffracts electrons only slightly 
(11), (2) the instability of some of the compounds (10, 
11), and (3) the extreme reactivity of most of the com- 
pounds. The mechanical difficulties of making meas- 
urements are thus very great (9). It was found neces- 
sary to use Teflon cell windows at normal pressures and 
to seal the salt prisms with Fluorlube grease at low 
pressures in making infrared and Raman spectra meas- 
urements; even with these, precautions considerable 
etching of the prisms took place during measurements 
of IF; and IF; spectra (10). 

The uni-univalent interhalogen compounds, being 
analogous to the homohalogen molecules, are simple 
linear molecules with the structure A—B, the interatomic 
distances being approximately equal to the average of 
those of the two elements involved (12). The absorp- 
tion spectra of CIF, ICI, and IBr have similar forms 
(13). 
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Chlorine monofluoride is a nearly colorless gas, whic 
condenses to a yellowish liquid and solidifies as a whit, 
solid. It was first prepared by Ruff and Ascher in 19%, 
although the possibility of its existence was predicted by 
Prideaux in 1906 (3). It dissociates to form chlorine 
and fluorine atoms, the dissociation energy being eithe, 
58.9 or 61.2 kg.-cal./mol, depending upon whether the? 
or the Cl atom produced by the dissociation is in gy 
excited state (9). It dissolves in liquid chlorine with. 
out further reaction. 

The bond energies of the interhalogen compounds 
compared with the bond energies of the component halo. 
gens are a measure of the extent of ionic character of the 
molecule. Thus Pauling (/4) has calculated the bond 
energies of the compounds from the formula '/, (4A—4 
+ '/. (B—B), where A—A and B—B are the bond 
energies of the individual halogens. On comparing 
these calculated bond energies with the measured bond 
energies, he found CIF to be about 30 per cent ionic, 
i. e., the ionic character of CIF is greater than that o 
HCl. The internuclear distances of CIF were found by 
electron diffraction to be 1.65 + 0.01 A., agreeing 
closely with the results obtained by spectrographic 
measurements (15). The calculated distance from the 
sum of the atomic radii of each element is 1.67 A. (i6) 
In common with the other interhalogen compounds 
relatively little is known about the mechanism of the 
reactions of CIF, due to its extreme reactivity and the 
difficulty of isolating the final products (9). 

Bromine monofluoride is a pale red gas, less stable 
than chlorine monofluoride. It was also first prepared 
by Ruff, in 1933 (9), although its existence had bee 
predicted by Prideaux many years earlier (3). It de§ 
composes spontaneously at about 50° into the trifluoride 
and free bromine, the reaction being catalyzed by light. 
Its chemical properties are similar to those of the bre 
mine polyfluorides (4). Its ultraviolet absorption 
spectrum shows a band at 3250 A., indicating a vibn- 
tional fine structure. The dissociation energy is 503 
kg.-cal./mol if the bromine atom released is in the & 
cited state, or 59.9 if the fluorine atom is in the excited 
state. The calculated bond energy according 
Pauling (14) is approximately 60.6, so that BrF als 
shows some ionic character, up to a maximum of about 
16 per cent. The internuclear distance as found from 
electron diffraction measurements is 1.78 A. as com 
pared to a calculated value from the sum of the atomit 
radii of 1.81 A. (15, 16). 

Bromine monochloride is a reddish-yellow liquid 
gas, boiling at about 5°C. A clue to its existence Was 
first noted by Balard in 1826 when he observed that a 
mixing bromine and chlorine together, the color of the 
bromine diminishes. A phase diagram based on freer 
ing point and vapor pressure measurements, made i 
1907, showed a continuous curve, but definite proof d 
the existence of BrCl was not given until 1928, when the 
absorption spectrum of a mixture of Cl and Br showel 
bands which were not characteristic of either elemetl 
but could be accounted for by postulating the existente 
of BrCl. In the solid form it forms a series of solid 
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solutions with both chlorine and bromine, a reflection 
no doubt of the close similarity between the two kinds 
of atoms (2, 4). BrCl is typically covalent, having 
only about 1 per cent ionic character (14). 

lodine monochloride was discovered by Davy and 
Gay-Lussac in 1814. It is interesting to note that 
Liebig a few years later missed the opportunity to be- 
come the discoverer of bromine by confusing it with this 
compound. He had found iodine in the residues from 
the manufacture of salt from sea water and had ob- 
served that the resulting starch iodide turned bright 
yellow on standing overnight. He saturated some of 
the saline mother liquor with chlorine and distilled off a 


liquid which also turned starch yellow. Knowing of 


the existence of iodine monochloride, which reacted 
similarly with starch, he assumed that he had also pre- 
pared this compound and promptly forgot about it— 
until he received Balard’s paper several months later 
describing almost identical experiments by which Balard 
had isolated not iodine monochloride, but a new ele- 
ment, bromine. 

Iodine monochloride occurs in two forms, red cubic 
needles which melt at 27° to a dark red oily liquid (a 
form), and red-brown, rhombic, six-sided plates melting 
at 14° (8form). Both crystalline states appear almost 
black unless observed in very thin layers. When 
chlorine is passed over iodine a dark red liquid forms 
which solidifies on standing to the unstable Bform. On 
further standing it is converted to the stable a form, 
which remains stable under all conditions. Below 14° 
either a or 8 crystals may separate out, depending upon 
whether an a or crystal is added. On cooling to -10°, 


| the 8 form is obtained. Since the 8 form changes 


spontaneously to the a form at room temperature, only 
the a form exists at the boiling point (97°), regardless 
of the orig'nal form (8). Iodine monochloride is the only 
interhalogen compound showing polymorphism, but so 
far the structure of the solid compound has not been 
studied (9). 

On heating ICI it decomposes to the elements. The 
calculated and observed bond lengths are in agreement. 
The absorption spectrum is similar to that of CIF. The 
bond in ICI appears to be about 8 per cent ionic in 
character (14). The molecular dipole moment is 
0.65 X 10-"% e. s. u. (17). 

Iodine monobromide occurs as dark gray crystals, 
similar to iodine. It was first prepared by Balard in 
1826 (9). The calculated and observed bond lengths 
agree (17). The bond appears to be about 4 per cent 
ionic in character. 

_ It has also been found that when IBr is incorporated 
ina film of an organic polymer such as starch, its absorp- 
tion coefficient increases, a fairly strong band appearing 
in the visible spectrum. IBr under these conditions 
shows dichroism, and X-ray diffraction patterns show a 
hew pair of diffuse lines, indicating diffraction by inde- 
Pendent line gratings, such as might be formed by 
straight chains of halogen atoms. The periodicities of 
the halogen chains are independent of the periodicity of 
the original polymer (2.90 A. for IBr, less.than the 
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Figure 3. Structure of Chlorine Trifluoride 


3.90 A. distance between the unbonded atoms, but 
more than the 2.70 A. distance of the single intra- 
molecular bond). These shortened distances between 
known atom pairs may mean either hydrogen bonding, 
bonding of both atoms to a central atom, or a direct 
bond between the two atoms, this latter probably being 
the case with the IBr molecule. Bonds are formed at 
180° to each other and are weaker than single covalent 
bonds but much stronger than van der Waals forces. 
Such compounds are therefore called linear polymeric 
halogens (18). 

The polyvalent halogen compounds differ from the 
univalent compounds in that the physical properties do 
not necessarily lie between those of the parent com- 
pounds: 


F, CIF; IBr; I 
M. p., °C. —223 —83 
B.p., °C. —187 11 -35 135 59 77 
Sp. gr. 1.31 1.77 2.49 2.8 3.12 3.12 


Fy, BrF; 


—223 
— 187 41 
1.31 2.47 


BrF; Br. ICls 


—7 33 


IF; 
5-6 


B. p., °C. 
Sp. gr. 


This difference reflects the differences in their struc- 
tures, which have been investigated in recent years by 
means of boch infrared and Raman spectra. 

Chlorine trifluoride is a colorless gas. which condenses 
to a pale green liquid and freezes to a white solid. It 
was first prepared by Ruff and Krug in 1930 (9). It is 
very reactive, most metals and non-metals either re- 
acting explosively or burning in the gas. It is typically 
covalent, as indicated by its low boiling point and prac- 
tically negligible specific conductivity, less than 10~* 
ohm~! em.~! (19). Its structure is still somewhat in 
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Figure 4. Structure of Bromine Trifluoride 


doubt. Molecules in which an unshared pair of elec- 
trons occurs generally have a polyhedral structure in 
which the unshared pair occupies one of the corners of 
the polyhedron, replacing the shared pair of electrons of 
a bond (14). In an ion such as ICI,~ the four chlorine 
atoms are located at the corners of a square with the 
iodine atom in the center. Two unshared pairs of elec- 
trons, one above and one below the IC],~ plane, give the 
complete structure an octahedral form; three unshared 
pairs in structures such as CIICI~ are arranged in a 
plane about the I atom and perpendicular to the linear 
ClICI~ structure, so that a trigonal bipyramid is formed 
(14). Chlorine trifluoride, having three shared electron 
pair bonds and two unshared pairs of electrons, may be 
considered as having a similar type of structure (Figure 
3). If it is a planar molecule, the three shared bonds 
would be at the base corners of a trigonal pyramid about 
the Cl atom at the center and the unshared pairs of elec- 
trons would be at the apexes; if it is an asymmetrical 
pyramid, one of the shared bonds would be at the apex 
and the unshared pairs of electrons would be at two of 
the base corners. Electron diffraction measurements 
made by Rogers, Wahrhaftig, and Schomaker in 1947 
indicated that it is a pyramidal molecule; the bond 
angle F—Cl—F is about 86° and the Cl_F distance 
1.63 A. (15). Later investigations using infrared and 
Raman spectra measurements indicate that the mole- 
cule is neither planar nor pyramidal, but may be asym- 
metrical or else strongly associated in the liquid state 
(9, 20). 

“The value of Trouton’s constant for chlorine tri- 
fluoride is 20.8, which is very close to the empirical 


JOURNAL OF CHEMICAL EDUCATI0; 


value of 21 for nonassociated liquids with a moleculg 
weight of about 100 (that of CIF; being 92.5) and with 
not too high a boiling point. Thus this evidence woul 
appear to indicate that chlorine trifluoride is not agg. 
ciated in the liquid state, since associated liquids such gs 
water and ethanol generally have larger Trouton ¢op. 
stants. However, there is some evidence of partis) 
dimerization in the gaseous state, judging by the exten; 
of deviation from the ideal gas law, and this combine 
with a similar extent of association in the liquid state 
would not be inconsistent with a “normal”’ value for the 
Trouton constant (9). 

Further information is meager; no band structure 
were found in the ultraviolet absorption spectrum, in. 
dicating no vibration at these frequencies (9, 21)., The 
Raman spectrum shows a line which may be due to ap 
association complex or to a symmetrical pyramid (29), 
Chlorine trifluoride does not form polyhalide salts of the 
KCIF, type, as contrasted with BrF;. Thus at the 
present time, although several electron diffraction, in- 
frared, and Raman spectra studies have been made, no 
definite conclusions as to the structure of chlorine tr- 
fluoride have been reached (20). 

Bromine trifluoride is a colorless to yellowish-gray 
liquid, discovered independently in 1905 by P. Lebeau 
and E. B. R. Prideaux (9). It is very reactive, forming 
the highest known fluorides of the elements from their 
other halides; it etches glass and quartz; it sets fire to 
wood and paper and reacts violently with most organic 
compounds. Bromine trifluoride is insoluble in liquid 
bromine, floating on its surface. Iodine placed on solid 
BrF; melts with incandescence. 

Electron diffraction measurements of BrF; indicate 
that it is pyramidal with the bond angle F—Br-f 
equal to 86° and the F—Br distance equal to 1.78 \ 
(15). Specific conductivity measurements decrease 
over the range 15-60°, following Ohm’s law. It was 
therefore postulated that BrF; ionizes to form Brky 
and BrF,~ ions, the negative temperature coefficient 
being explained by the thermal instability of the ions. 
It has a high Trouton constant (25.3), which is com 
patible with the ionic character. The conductivity of 
the solid is about one-thousandth that of the liquid, but 
if there were true electronic conductance, the difference 
would be much less. Therefore the two ions probably 
do exist, the stability of one decreasing with increasing 
temperature. The compound is too reactive to study 
in solvents, but the existence of the BrF,~ ion is fairly 
certain because of such compounds as_ KBrki, 
Ba (BrF;)s, etc. (19). BrF; may have an ionic crystal 
lattice, in which eight BrF,+ units surround one 
BrF,-, analogous to the PCl,+-PCl,— ionic 
phosphorus pentachloride (9, 11). The BrF.* 
is probably angular rather than linear like the TC, 
(9). 

Earlier investigators (3) believed BrF; to be planat, 
with the Br atom in the middle of an equilateral tt 
angle and the three F atoms at the three apexes, at 
though they also admitted the possibility of a trigonal 
pyramid with the Br atom at the apex, 7. e., the Br atom 
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does not lie in the same plane with the F atoms, but at 
some distance above it. The pyramidal structure 

with Zachariasen’s rule that XY. molecules are 
linear and X Y; molecules planar when the total number 
of outer electrons of all sharing atoms equals two times 
or three times, respectively, the number of electrons in 
the outer shell of the Y following the inert gases; other- 
wise a pyramidal structure results (the total number of 
outer electrons = 7 + 3 X 7 = 28; 3 X 7 = 21, but 28 
# 21). 

Woolf and Emeléus isolated the BrF,+ and BrF,~ 
ions in 1949 (24). The spectrum of BrF;, measured in 
1934 (25) is continuous, showing no sign of any vibra- 
tional structure. The BrF,~ ion is similar to the ICl,— 
ion in structure. Since the covalent radii for Br and F 
are 1.14 A. and 0.64 A. respectively, the Br—F dis- 
tance should be 1.78 A. and the ion would be smaller 
than the ICl,~ ion, in which I—Cl is 2.24 A. (26). 
Thus most of the recent work indicates that bromine 
trifluoride exists as the BrF,~ and BrF,* ions, in which 
the former is a planar ion with unshared pairs of elec- 
trons above and below the plane and perpendicular to 
it (14) and the latter an angular F—Br—F— ion in 
which the bond angle is not 180° (Figure 4). 

Iodine trichloride occurs as lemon-yellow needles, 
thombic in shape, and was first prepared by Gay-Lussac 
and Davy in 1814. It is soluble in most of the ordinary 
organic solvents and dissolves in water with decomposi- 
tion. It decomposes almost completely to the mono- 
chloride and chlorine in the vapor phase. It obeys 
Ohm’s law when subjected to a direct current voltage 
(19) and is a good conductor in the fused state (9), the 
conductivity (8.4 10-* ohm~-! em.~') being about 
twice that of the monochloride. The conductivities in 
the solid and liquid states are almost the same, indicat- 
ing that there may be true electronic conduction. No 
decomposition potential has been found. 

The structures of the polyhalide ions may indicate the 
type of structures to be expected in the interhalogen 
compounds. The ICI,~ ion contains 12 electrons in the 
iodine valence shell with unshared electron pairs in the 
two trans positions of an octahedron (9, 14), that is, the 
ion itself is planar with all four Cl atoms in a square 
about the central I atom, as previously described in the 
discussion of the structure of CIF;. The I—Cl distance 
is 2.34 A., as determined by X-ray diffraction analysis 
of (17). 

ICl,* contains ten electrons in the iodine valence 
shell, with unshared electron pairs in the equatorial 
positions of a trigonal bipyramid, so that the structure 
of the ion itself is linear. , Without evidence to the con- 
trary, the IC]; molecule is probably planar, with the 
three chlorine atoms at the corners of an equilateral 
triangle, the iodine atom being at the center and the two 
pairs of unshared electrons occupying the apexes of a 
trigonal bipyramid (Figure 5). 

lodine tribromide is a dark brown liquid, soluble in 
Water and in aleohol. The so-called ‘iodine tribromide”’ 
used medicinally is probably a solution of iodine in 
bromine in 1:3 molar ratio. However, Faull and Forbes 


(27) found evidence for the existence of IBr; as a defi- 
nite chemical compound. They measured the e. m. f. 
of a cell consisting of an aqueous iodine-bromine solu- 
tion contaiing a platinum-iridium electrode, coupled to 
a calomel reference electrode, and studied the change as 
bromine was added, the solution originally containing 
less than three times as much bromine as iodine. The 
results indicated that at least part of the bromine was 
tied up as IBr;, allowance being made for that definitely 
bound in the stable compound IBr. From analogy to 
ICI; (in view of the close similarity between Cl and Br), 
the structure of IBr; is probably also that of a planar 
equilateral triangle, with the two unshared electron 
pairs occupying positions on either side of the plane of 
the molecule as in Figure 5. 

Two compounds of the general formula AB, are 
known to exist, in which there are five shared electron- 
pair bonds and one unshared pair of electrons, BrF; and 
IF;. A third pentahalide, IBr;, is listed in “The Con- 
densed Chemical Dictionary,” 1942 edition (7), but it is 
probably only a mixture of bromine and iodine in a 5:1 
ratio. 

Bromine pentafluoride is a colorless liquid, first pre- 
pared in 1931 by Ruff and Menzel (9). It is very reac- 
tive, decomposing water with the formation of BrOF; 
and HF. Both metals and non-metals ignite when 
dropped into it, forming -the corresponding fluorides. 
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Figure 5. Structure of Iodine Trichloride 


It reacts with bromine forming BrF; and liberates 
the free halogens from sodium chloride and potassium 
bromide (4). 

Bromine pentafluoride has a rather high Trouton 
constant, 23.7, indicating that it is at least somewhat. 
associated in the liquid state. Molecular weight de- 
terminations indicate that there is no association in the 
vapor state (28). The most probable structure appears 
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to be a tetragonal pyramid in which the bonds are 
directed towards the four corners and the apex, each 
bearing an F atom, with the Br atom inside the pyramid, 
but probably not in the same plane with the four base 
fluorines (14). The unshared pair of electrons is prob- 
ably below the plane of the base of the pyramid making 
an octahedron. Such a structure for BrF’; is substan- 
tiated by comparison with IF;, whose structure has been 
fairly well authenticated (10)(Figure 6). 

Iodine pentafluoride is also a colorless liquid which 
may have been obtained by Gore in 1871 from the reac- 
tion of iodine with silver fluoride at elevated tempera- 
tures, but it was not definitely identified and described 
until 1902 when Moissan prepared it from the elements 
(9, 28). It distills at atmospheric pressure without de- 
composition. At 500°C. free iodine distills off, and 
probably iodine heptafluoride. It is somewhat less re- 
active than the lower fluorides of chlorine and bromine. 
Most metals are only slightly attacked by it, since a 
surface coating of fluoride is usually formed. It reacts 
with arsenic, antimony, and boron, with incandescence, 
and reacts violently with water and sulfuric acid, but 
not with nitric acid, hydrogen, or oxygen (9, 28). 

Considerable work has been done on the structure of 
iodine pentafluoride in recent years. It shows a con- 
tinuous absorption spectrum in the visible range, in- 
dicating no vibrational structure (25). Its electron 
diffraction pattern indicates that it is not a trigonal 
bipyramid (15) but it is difficult to determine its struc- 
ture because of the relatively low scattering power of 
fluorine in X-ray diffraction patterns. However, the 
I—F distances are much less than the 2.56 A. which 
would be appropriate for the trigonal bipyramid struc- 
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Figure 6. Structure of Bromine Pentafluoride 
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Figure 7. Structure of Iodine Pentafluoride 


ture. A distorted octahedral arrangement of fluorine 
atoms around a central iodine atom agrees with the 
X-ray diffraction data if three different I—F distances 
are used (15). 

The specific conductivity is 2-3 K 10-° ohm~'em.* 
(19), indicating some degree of ionization, as is con- 
firmed by the positive temperature coefficient. The 
existence of IFs~ ions is also borne out by the formation 
of compounds such as KIF¢, so that IF; may ionize to 
IF,~ and IF,+ in a manner analogous to that of BrF, 
although probably not to as great an extent. 

The most recent work by Lord, Lynch, Schumb, and 
Slowinski in 1950 (10) included both infrared and 
Raman spectra measurements. Although they et- 
countered several technical difficulties because of the 
high reactivity of the compound, their measurements 
were sufficiently accurate to enable them to determine 
fairly conclusively that the structure should be either 
pyramid with four of the F atoms in a square and thel 
and the fifth atom on the fourfoid axis perpendicular to 
the square (with the F presumably at the apex), ora 
regular pentagon, in which the five F atoms are on 4 
plane around the central I atom. Although there were 
some discrepancies between the calculated and observed 
spectra for both these structures, the data appear to 
favor the pyramidal structure over the planar structure 
(Figure 7). This also follows Pauling’s pattern for AB; 
molecules with one unshared pair of electrons. The 
F—I—F angle is 105°; the I—F distance approximately 
1.75 A. 

Iodine heptafluoride is unique in that it is the only 
compound in which a halogen has a valence of seven. 
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It is a dense snow-white powder or colorless crystals, 
depending upon the method of preparation and purifica- 
tion. It may be supercooled as a dense, mobile liquid 
with a sour, musty odor (28). It was first prepared by 
Ruff and Keim in 1930 by fluorination of iodine penta- 
fluoride at 200°C. (9,29). It sublimes at 4°C., forming 
a colorless gas with a distinctive odor resembling neither 
fluorine nor iodine. At pressures slightly above atmos- 
pheric it melts at 5-6 °C. to a colorless liquid. 

Iodine heptafluoride decomposes water, acids, and 
alkalies; it reacts with all metals except those of the 
platinum group, the rate of reaction depending upon the 
formation of a fluoride coating. It reacts with iodine to 
form the pentafluoride, with chlorine ‘to form iodine 
monochloride, iodine trichloride, and chlorine fluoride, 
but it apparently does not react with bromine. It re- 
acts rapidly with glass, more slowly with quartz. It 
liberates bromine from potassium bromide and silver 
from silver nitrate. 


/ 


Or 
Figure 8. Structure of Iodine Heptafluoride 


Iodine heptafluoride is also unique structurally; 
there is no unshared electron pair, each outer shell 
electron being shared with a fluorine atom. Lord, 
Lynch, Schumb, and Slowinski (/0) investigated the 
structure of IF; and from the combined data obtained 
from the infrared and Raman spectra concluded that 
the structure of iodine heptafluoride should be either a 
plane heptagon or a pentagonal bipyramid, but the 
discrepancies assuming the latter structure are less than 
those assuming the former. Thus the IF; molecule may 
be considered to be a pentagonal bipyramid with five 
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fluorine atoms lying in a plane about the central iodine 
atom and the two remaining fluorine atoms equally 
spaced above and below this plane to form a pentagonal 
bipyramid (Figure 8). 
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ELECTROLYSIS WITH CONTROLLED 
CATHODE POTENTIALS’ 


Porenriosrarts, or instruments for the 


DUNCAN G. FOSTER 
Swarthmore College, Swarthmore, Pennsylvania 


control of the cathode potential during 


an electrolysis, according to the principles 
first outlined by Sand,” are now becoming 
so widely known that there seems no need 
to diseuss the theory involved in this 


FILTER 


RECTIFIER 


paper. So far as the author is aware, 
however, there has been hitherto no at- 
tempt to make use of these instruments in 
teaching the principles of electroanalysis 
to undergraduates. The advantages in 
so doing seem more or less obvious: the 
chief among them being the ability to 
separate and analyze an alloy exclusively 
by electrolytic means, and the direct ap- 
plication to laboratory practice of the 
theories of electrochemistry. 

This paper describes the construction of 
such a potentiostat and its use in our 
quantitative analysis laboratory. Be- 
cause of the limitations of a small-college 
budget, particular attention was paid to 
economy and to simplicity of construction and main- 
tenance. Consequently, as much use as possible was 
made of equipment already on hand and of war surplus 
materials. The apparatus actually cost just under $100, 
not including labor or the platinum electrodes. How- 

ever if we had had to purchase all of the items,.it would 
have cost approximately double this figure, which is 
still not extreme for an instrument of this type. 


CONSTRUCTION 


Although it was designed and built before his paper 
appeared, our instrument is essentially the same as 
Lingane’s,* except that we employed a polarity relay 
instead of his two electronic relays, thus eliminating all 
electronic circuits, and a single variable transformer 
with friction drive for the control. Figure 1 shows a 
simplified circuit diagram and Table 1 a list of essential 
parts with specifications. Of these parts we already 
had the galvanometer relay, polarity relay, and motor. 
The other parts were purchased from local radio supply 
houses, as were, also, the incidential switches, etc., 
which are not listed. 

Figure 2 is a view of the front panel of the completed 
instrument. Figure 3 shows the electrode holder, with 


1 Based on a paper presented before the Division of Chemical 
Education of the Philadelphia Section of the American Chemical 
Society, January 18, 1951. 

2 Sanp, H. J. 8., J. Chem. Soc., 91, 401 (1907). 

3 LinGane, J. J., Anal. Chem., 22, 1169 (1950). 
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GALVANOMETER 
RELAY 


Figure 1 


TABLE | 
List of Parts 


Signalite, 110 v. 
. Signal universal, Type B 26 
Type 20, 60 w. 
110-24 v., 3 taps 
.. -Full-wave, 10 amp., 24 v., a. ¢. 
..3500 mf., 7 amp., 25 v., d.¢ 
2000 mf., 7 amp., 50 v., d. ¢. 
Choke coils (2)............. oy h, 7 amp., 0.2 ohm 
Milliammeter G. E. ma. 
Weston, oO 15 v., d. c. 
Millivoltmeter Westinghouse, 0-200 mv., d. ¢ 
Galvanometer relay Weston, Type 30 H 
Polarity relay 
Potentiometer 


Pilot 
Motor. . 


Selenium rectifier. . 
Electrolytic ¢ ondensers (2). 
Electrolytic condenser 


calomel electrode and stirrer. The stirrer was sub- 
sequently replaced by a magnetic stirrer, which was 
found to be more effective and convenient. 

Most of the details of construction need not be gone 
into here. Either they are self-evident from the figures 
or would in any case be worked out to suit individual 
need. Two or three items, however, may well be 
described in greater detail. 

The motor which we used to drive the Powerstat was 
a universal motor equipped with a worm gear. Its 
final output speed was 50r. p.m. This was geared toa 
gear train taken from a Navy range calculator which 
had a friction drive incorporated into it (actually 4 
mechanical integrator), allowing variation of the 
of the output shaft. The Powerstat was mounted ons 
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vertical bakelite plate fastened at right angles to the 
front edge of a brass plate on which was mounted motor 
and gear train. The wheel at the back of the Powerstat 
was turned true on the lathe and rested on the output 
shaft of the gear train, which had a small piece of rubber 
tubing eemented over it. There was enough spring to 


the mounting so that the Powerstat could be disengaged 
from the train by pulling outward and downward on its 
knob, and could thus be set by hand. Adjustment of 


the train was made so that the speed of the Powerstat 
was less that 1/4 r. p. m. 

A number of other motors and gear trains are on the 
market. which will serve equally well. We have also 
used, fer example, a General Electric Inductor Motor, 
Model 5SMY20J, with its gear train (6 r. p. m.), by 
making a slight modification. A geared Holtzer-Cabot 
motor, RWC 2505, with a speed of 1 r. p. m. is also on 
the market, and could be made to serve by supplying its 
output shaft with a rubber-covered pulley of suitable 
size, 

The milliammeter was provided with a shunt made of 
number 14 stranded wire adjusted after assembly 
against a precision ammeter so that a reading of 1 mil- 
liampere on the scale equaled 0.02 ampere. A heavy 
knife switch with its handle protruding through a slot in 
the panel enabled this shunt to be cut in or out. The 
meter could thus read from 0 to 500 milliamperes or from 
0 to 10 amperes. 

The polarity relay was originally provided with two 
contacts and remained closed on the side of the last op- 
eration, under the influence of the permanent magnet. 
Two sets of spring contacts from a telephone relay were 
added to this so that it acted as a double-pole, double- 
throw relay, normally open. When connected as shown 
in Figure 1, it followed the action of the galvanometer 
7 and started or stopped the motor in either direc- 
ion. 

Voltmeter 2 (0-200 millivolts) was carefully cali- 
brated against a good potentiometer and adjusted by 
series resistances to read volts, and until it was accurate 


to the nearest 0.02 volt. The scale was changed by the 
introduction of decimal points to read 0-2 volts. 


OPERATING CHARACTERISTICS 


The effectiveness of the rectifier and filter circuit was 
tested by connecting an oscilloscope to the output, with 
a large carbon rheostat as a load. The oscilloscope 
trace was a perfectly straight line at all loads up to 10 
amperes. 

The response of the instrument was tested by running 
several electrolyses for copper with a recording galva- 
nometer connected into the calomel cell circuit. The 
records obtained showed a maximum variation of about 
15 to 20 millivolts. 

A number of actual analyses were run before the 
apparatus was put in student 
hands. Table 2 shows the analy- —s 
sis for silver of a solution con- t. Ag found, g. 
taining copper and silver in the wi hae Hats 
approximate proportions of coin 
silver. The silver was deposited 
out first from an ammoniacal 
solution at a potential of —0.10 
volt versus the S. C. E. at the be- 
ginning of the electrolysis and at 
—0.20 volt toward the end. Cop- 
per was determined on a conven- 
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TABLE 3 
% Ag % Cu Sum 

1 89.95 9.90 99.85 
2 89.95 9.98 99.93 
3 90.10 10.14 100.24 
4 89.90 10.10 100.00 
5 90.02 10.10 100.12 
6 90.10 10.07 100.17 
i 90.01 10.08 100.09 
8 89.91 10.18 100.09 

Mean 89.99 10.07 100.06 

Av. dev. 0.07 0.06 


tional apparatus without control, and the results are not 
shown. 

Table 3 shows the results of a series of analyses of an 
actual silver coin done in the same way. The copper 
results are included here, since the composition of the 
metal was not known, so that the only check on accu- 
racy was the sum of the twodeterminations. In Nos. 1 
and 2 the potential was not raised at the end of the silver 
determination. . 

Table 4 gives the results of a series of analyses of a 
brass for copper and for tin and lead combined. The 
copper was deposited from chloride solution at a con- 
trolled potential of —0.40 volt, and tin and lead from the 


TABLE 4 
% Cu % Pb + Sn 
1 76.48 10.11 
2 76.45 10.14 
3 76.49 10.10 
4 76.38 10.14 
5 76.44 10.10 
6 76.42 10.13 
76.48 10.10 
8 76.46 10.13 
9 76.39 10.14 
10 76.42 10.10 
Mean 76.44 10.12 
Av.dev. 0.03 0.02 
TABLE 5 
1 2 $ 68 5 6 
Copper in Brass 
Student mean 78.05 76.46 87.56 82.31 84.09 82.09 
Theoretical 78.01 76.43 87.64 82.03 84.11 82.03 
Av. dev. 0.04 0.03 0.08 0.28 0.21 0.06 
Parts/1000 0.5 0.4 0.9 3.0 2.5 0.7 
Tin and Lead in Brass 
Student mean 10.02 10.10 10.55 9.82 9.93 9.96 
Theoretical 9.93 10.12 10.54 9.90 9.93 9.90 
Av. dev. 0.09 0.02 0.01 0.08 0.00 0.06 
Parts/1000 9.0 2.0 1.0 8.0 0.0 6.0 
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resulting solution at a potential of —0.70 volt, following 
the directions of Diehl.‘ Zinc was also determined, byt 
by conventional methods, and the results are not ip. 
cluded in the table. The sample was Thorn Smith's 
No. 321, and was reported to contain 76.39 per cent 
copper and 10.13 per cent combined tin and lead. 
Separation of the tin and lead was not attempted, as 
this was considered a rather difficult analysis for student 
use. 


STUDENT RESULTS 


During the fall of 1950 a group of six students in the 
author’s laboratory used the instrument for the analysis 
of bronzes for copper and for tin and lead combined, 
The conventional method for bronze involves the 
gravimetric determination of tin as oxide, lead as sul- 
fate, followed by electrolysis of copper, then gravimetric 
determination of zine as pyrophosphate. Controlled 
cathode methods allow the complete electrolytic analy- 
sis of the bronze: first copper from chloride solution 
at 0.40 volt in the presence of hydroxylamine hydro- 
chloride to prevent anodic oxidation of the platinum. 
Tin and lead are then deposited together at a higher 
potential (0.7 volt). They can be separated by dis 
solution in nitric and hydrofluoric acids, followed by 
anodic deposition of the lead as PbOs. Zinc may be 
deposited at constant amperage from the copper filtrate, 
in ammonia solution. 

Because of time limitations only copper and combined 
tin and lead were determined. Table 5 shows the re- 
sults of these analyses. 

In addition to using the apparatus for analyses in- 
volving separations, we have also found it convenient in 
some cases where separations are not necessary, for 
example, the analysis of copper oxide ores. The ad- 
vantage lies in the fact that electrolysis in a chloride 
solution is much more rapid as a rule than in a sulfate- 
nitrate solution and that the end of the analysis is 
marked by the low and nearly constant current. 

The instrument can, of course, be used for electrolyses 
without potential control, by simply leaving the control 
switches turned off, or for a source of direct current for 
any purpose such as charging storage batteries. The 
rectifier and transformer used were rated at 10 amperes, 
the chokes and condensers only at seven, but such ap- 
paratus is usually conventionally rated, and we have 
drawn 10 amperes from it for considerable periods with- 
out damage. 

4 Drent, H., “Electrochemical Analysis with Graded Cathode 


Potential Control,” The G. Frederick Smith Chemical Co. 
Columbus, Ohio, 1948. 
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FOR STUDENTS 


Arrer the student has completed qualitative experi- 
ments,’ he is ready to learn the elementary principles 
of quantitative paper chromatography. This involves 
measurement of spot density with a densitometer, and 
is based upon the observation that, within limits, the 
maximum color density of each spot is proportional to 
the concentration of material in the entire spot.? To 
demonstrate this relationship, and practice the basic 
procedure, the student may well begin with a standard 


curve for alanine. 


Prepare 10 ml. of 0.1 M solution by dissolving 89.1 
mg. of alanine in 10 per cent isopropanol (preserva- 
tive). Remove 5 ml. and dilute to 10 ml. producing 
40.05 M solution. Continue serial dilution in this 
way to yield 0.025, 0.0125, and 0.00625 M solutions. 
Mark a pencil line 2 cm. from a long edge of filter paper 
15 X 22cm. The paper should be optically uniform; 
several types are suitable, including Whatman No. 1. 
Apply a 2-ul. spot of each molarity, 2.5 cm. apart and 
just above the pencil line. The spots can be applied 
with a self-filling transfer-type pipet capillary (Micro- 
chemical Specialties Co., 1834 University Ave., Berke- 
ley 3, California). Allow the spots to dry, staple the 
sheet to form a cylinder, and chromatograph about 3 
hours in a closed 1-quart, wide-mouthed, Mason jar 
containing 1 cm. of 80 per cent reagent grade phenol in 
the bottom. A room temperature near 70°F. is pref- 
erable; while chromatographing, avoid sudden tem- 
perature fluctuation and exposure to bright light or 
radiant heat. 

Remove the papergram, unstaple, and hang 24 hours 
at room temperature (preferably in a hood) to remove 
phenol. Spray uniformly with 0.2 per cent ninhydrin 
in 95 per cent ethanol. Hang in a dark place at room 
temperature for 18 hours. After this time the spots 
have reached maximum density and can be measured 
ina densitometer. An expensive instrument is not 
necessary for this experiment. The accompanying 
figure shows a satisfactory arrangement, consisting of 
4small flashlight and a photographic exposure meter. 
The prefocused bulb is inserted into a 5-mm. hole 
punched in black cardboard. With the light on, the 
densest portion of each spot is placed over the aper- 
ture. The exposure meter is placed over the paper, 
and the light value reading is recorded. 

These values, plotted against concentration, give a 
standard curve for alanine. Replications agree very 
closely. A standard curve for alanine obtained in this 


'Parton, A. R., J. Cue. Epuc., 27, 60, 574 (1950). 
* Brock, R. J., Anal. Chem., 22, 1327 (1950). 


suggest themselves to the instructor. 
of analysis is applicable to practically all of the amino 
acids, and with suitable modifications to any substance 
which can be separated on a papergram and for which 
a suitable color reagent is available. 


QUANTITATIVE PAPER CHROMATOGRAPHY 


A. R. PATTON 
Colorado A & M College, Fort Collins, Colorado 


way is shown by the solid line in the figure. The dotted 
line shows the curve obtained with a more elaborate 
densitometer, the Densichron, and is included for pur- 
poses of comparison. 


LIGHT VALUES 


Once the standard curve is obtained, it can be used 
to compute the concentration of an unknown alanine 


solution chromatographed under the same conditions. 


It is necessary, of course, that the concentration of the 


unknown solution be adjusted to fall within the range 
of the standard curve. 
both identification and quantitative determination of 


Further experiments, including 


“unknowns” by paper chromatography, will readily 
This principle 


The above procedure is not presented as the ultimate 
in refined analytical procedure. Obviously for careful 


analytical work better instrumentation and many re- 
finements of technique are essential. 
paper chromatography shows great promise with re- 
gard to accuracy, precision, versatility, ease, and ra- 
pidity. The limits of this new procedure have not yet 


Quantitative 


been completely defined. For more advanced work 
the author recommends use of a Densichron with a 
paper guide, equilibration by means of reference spots, 
and measurement of increment curve areas with a 
polar planimeter.* 


3 Patton, A. R., aNp Patricia Cuism, Anal. Chem., in press. 
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In rHe year 1823 the young J. B. Dumas came to 
Paris, his eyes filled with the glamorous city of the 
Restoration, and his mind filled with the Baron von 
Humboldt’s description of the great men of science 
who lived and worked there, Gay-Lussac, Ampére, 
Thenard, Arago, Laplace. To Dumas Paris held the 
future for science, and he was determined to be a part 
of this future. 

Jean Baptiste André Dumas was born July 14, 1800, 
in the small town of Alais in the south of France. 
Alais was an industrial center close to the coal fields 
and the iron, antimony, and lead mines. Dumas’ 
father was the town clerk, a man fond of literature 
and art, who may have inspired his son to an interest 
in study. From his youth Dumas showed a desire 
for adventure. He first determined to join the navy, 
but the troubles of 1814-15 prevented him. And then, 
after a short apprenticeship to an apothecary, at the 
age of 16 he set out on foot for Geneva, the home of 
relatives. 

In Geneva Dumas continued under LeRoyer the 
subject of pharmacy which he had begun in his native 
village. But soon, under the influence of Gaspard de 
la Rive, he became interested in chemistry. His first 
investigation was on the equivalent amounts of water 
in the sulfates and other salts of commerce, and this 
work was highly commended by de la Rive. He then 
turned to work on atomic volumes and densities and 
became interested in compound ethers. Dumas taught 
his first class in chemistry at this time to a group of 
pharmacy students, and the first appearance of Dumas’ 
name in a journal occurred during his stay in Geneva. 
It was in a paper by Dr. Coindet on the application of 
iodine to the treatment of goiter, for which Dumas had 
done the analytical work. Later Dumas turned to 
physiology and published many papers with Dr. Pre- 
vost on the nature of blood, the presence of urea in the 
body, muscular contraction, etc. 

It was at Geneva that Dumas met the interesting 
Baron von Humboldt, the famous German naturalist 
and traveler. Attracted to Dumas by his papers on 
blood, von Humboldt visited him in 1822, and Dumas 
listened with wonder to his tales of science in the 
French capital, “of the happy collaboration of men 
of science and of the unlimited facilities which the 
French capital offered to young men wishing to devote 
themselves to scientific pursuits.” Dumas determined 


JEAN BAPTISTE ANDRE DUMAS 
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With 
wood d 
atives, 
Later h 
from. 
general 
de chim 
series 
then 
to go to Paris as soon as possible, but he never forgot hi In this 
debt to the Geneva academy where, .he said, it wag tween t 
proved “that the nobility of science is inherited th was fir 
same as that of blood.’”? 1842, o 

In Paris Dumas was not disappointed in his expeets§ very lit 
tions. He made many friends among the young maf terestin 
of science studying there: H. Milne Edwards, th inhiss 
physiologist; Adolphe Brongniart, the botanist; anjj}-underst 
Liebig, who was completing work on the fulminatef exposit 
with the assistance of Gay-Lussac. Dumas became one po 
the favorite pupil of Thenard, and his first paper giva ff Homol 
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at the Academy of Sciences was followed by anirf# Dum 
vitation to dinner by the noted astronomer, Laplace § chemis 
Through the influence of Arago and Ampére, he wa made t 


appointed Répétiteur de Chimie under Thenard at the gard t 
Ecole Polytechnique and professor of chemistry at the that ch 
Athenaeum, where evening lectures on literature ani hydrog 


1 Hormann, A. W., Nature, 21, extra no., Feb. 6, p. vii (1880). 
Hofmann’s biography is interesting reading, but not always 
reliable as to Dumas’ contributions to the development of 
chemistry. 


science were offered. chlorin 
Dumas’ first years in Paris were occupied not only§ (prend 
with his teaching and his experimental investigation,§ Dum 
but also with literary work, which included the firt§ from a 
volume of his book, “Traité de chimie appliquée au § the Tu 
arts,”* and the founding of a journal, the Annals § annoye 
des sciences naturelles, with Adolphe Brongniart, the burnin 
young biologist, and his brother-in-law, Victor Audi court 
In 1826 Dumas joined the family by marrying Her the tas 
minie Brongniart, Adolphe’s sister and the daughter probler 
of Alexandre Brongniart. Alexandre Brongniart was that tl 
an important figure in Paris at this time. A celebrated § candle: 
geologist and zoologist, he was also director of the§ been a 
porcelain works at Sévres. Dumas’ marriage was al § Was st 
important step in his rise to recognition. called 1 
In the first two decades of the period of his activity  tules o 
in chemistry Dumas’ experimental interests were varied f tion of 
and numerous. With Boullay he investigated the§ discov 
compound ethers, defining the relationship between} form. 
alcohol and its derivatives and developing the first} he ch’ 
theory in organic chemistry of the constitution of af ¢ventu 
group of related compounds, the etherin theory. Inf tion. 
this theory he compared ammonia and its compounds acid pr 
to certain organic compounds which he considered to bef of the 
formed from olefiant gas, C2H, (named the etherin f could 
radical by Berzelius). According to Dumas alcohol, § materi 
C.H,.H,0, was comparable to ammonium hydroxide, with tl 
NH;.H,0, ethyl chloride to ammonium chloride, ete he hac 
This investigation led him to the discovery of oxamidef i his 
and other amides and amic acids. —— 
Browng, C. A., “Banquet des chimistes,” J. Cuem. Epve., 
15, 254 (1938). millan 
3 This book was published in eight volumes between 1828 and J, Ho 
1848. | 
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With Péligot Dumas isolated methyl alcohol from 
wood distillate, purified it, prepared many of its deriv- 
atives, and recognized its similarity to ethyl alcohol. 
Later he isolated and identified as alcohols compounds 
from spermaceti and potatoes, thereby establishing a 
general series of alcohols. In 1843, in the Annales 
de chimie et de physique, he suggested a homologous 
series of fatty acids and predicted the discovery of 
then unknown acids which would complete the series. 
In this paper he clearly states that the difference be- 
tween these acids is the C,H, (CH2) group. The paper 
was first published in Comptes rendus in November, 
1842, only a few months after Schiel’s publication of a 
very limited homologous series of alcohols.‘ It is in- 
teresting to note, however, that Schiel included glycerol 
in his series, which may indicate that he did not fully 
Dumas” clear 
exposition of homology compared with Schiel’s confused 
one points to Dumas, not Schiel, as the “Father of 
Homology.” 

Dumas’ most famous work in the field of organic 
chemistry was that done on substitution. Gay-Lussac 
made the first observation of this phenomenon in re- 
gard to the bleaching action of chlorine. He said 
that chlorine forms hydrochloric acid from part of the 
hydrogen of oils ‘“‘and at the same time part of the 
chlorine combines with the oil and takes the place 
(prend la place) of the hydrogen removed.’’® 

Dumas’ interest in substitution, however, sprang 
from an incident at the royal court in the palace of 
the Tuileries. The guests at a soirée were extremely 
amoyed by irritating fumes which came from the 
burning candles. As director of Sévres and, therefore, 
court chemist, Alexandre Brongniart was assigned 
the task of explaining the phenomenon. He turned the 
problem over to his son-in-law, Dumas, who found 
that the fumes were hydrogen chloride released as the 
candles burned.* He found that the chlorine had not 
been absorbed as such in the bleaching process, but 
was substituted in the wax. This phenomenon he 
called metalepsy (exchange) and devised some empirical 
rules of substitution. A continuation of this investiga- 
tion of chlorine in organic compounds resulted in his 
discovery of the correct formulas of chloral and chloro- 
form. It was Dumas who suggested to Laurent that 
he chlorinate naphthalene, an investigation which 
eventually led to the true understanding of substitu- 
tion. In 1838 Dumas’ synthesis of trichloroacetic 
acid proved conclusively, even to the faithful adherents 
of the electrochemical theory of Berzelius, that chlorine 
could be substituted in a carbon compound without 
materially changing its fundamental properties. But, 
with the enthusiasm characteristic of Dumas whenever 
he had proved an idea experimentally, he went too far 
i his speculations on substitution, and, as a result, 


‘Neither Schiel nor Dumas used the word homology. Ger- 
it adopted the idea in part in 1844 and coined the word. 
*Partineton, J. R., “A Short History of Chemistry,” Mac- 
millan and Co., London, 1948, p. 240. 
*Hormann, A. W., loc. cit., p. xiv. 
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there arose the polemics on the subject issued in the 
current journals. The French school, for the most 
part, upheld Dumas, while Liebig and his followers 
took a more conservative view, supporting the elec- 
trochemical theory and Berzelius. 

Dumas’ later work in organic chemistry included 
the preparation of the nitriles from the ammonium 
salts and their hydrolysis, the preparation of the organic 
nitrates, and the characterization of camphor and 
artificial camphor. 

In the field of analytical chemistry Dumas developed 
his vapor density method to determine molecular 
weights. Gay-Lussac had originated this idea of the 
importance of vapor density in 1815. Dumas’ develop- 
ment of this procedure was simple and accurate.’ 
Dumas also developed a method of nitrogen analysis 


Jean Baptiste Andre Dumas 


for organic compounds, which was based on Gay- 
Lussac’s combustion method.’ With Stas, Dumas 
accurately determined the atomic weights of hydrogen, 
oxygen, carbon, and many other elements. He also 
investigated the composition of air and of water. All 
this work was done before 1845. 
When the Second Republic was formed in 1848, 
Dumas became very active in the affairs of his country. 
He was elected to the National Assembly in 1848 and 
served as Minister of Agriculture and Commerce 
and in 1868 as Master of the Mint. He became a 
member of the municipal council of Paris in 1854 and 
soon rose to its presidency. During his administra- 


7 Dumas, J. B. A., “Mémoire sur quelques points de la théorie 
atomistique,” Ann. chim. phys., [2] 33, 341 (1826). 
8 Dumas, J. B. A., “Sur l’oxamide,”’ ibid., [2] 44, 133 (1830). 
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tion many improvements were made in the drainage 
and lighting systems of Paris, and the scheme of sup- 
plying the city with spring water by aqueducts and 
tunnels was instigated. After the political upheaval 
of 1870 Dumas returned to chemistry and to the service 
of science. He had been a member of the Academy 
of Sciences for many years and was also a member of 
the French Academy. He headed many committees, 
such as the international permanent commission on 
the meter. He remained active almost until his 
death, publishing a paper on fermentation in 1872 
and one on the occlusion of oxygen on silver in 1878. 
Dumas received many honors during his lifetime, 
among which were the Faraday medal, the Copley 
medal, and the Grand Cross of the Legion of Honor. 
Dumas died in Cannes in 1884. 

Dumas was a man of many talents and varied in- 
terests. Not only was he renowned for his careful 
analytical work, much of which has not been changed 
today, but he also was interested in chemical phi- 
losophy. He was a prolific and excellent writer and 
lecturer. His prose is clear and concise, but it is writ- 
ten with such ease, intelligence, and enthusiasm that 
it becomes interesting as well as informative reading. 
Dumas was also a great teacher and lecturer. He 
was professor of chemistry at the Ecole Polytechnique, 
the Ecole de Médecine, and the Sorbonne, as well as 
the Ecole Centrale. His classes, Pasteur says, were 
always filled long before the hour,’ and his lectures 
were full of interesting facts, anecdotes, and demon- 
strations. Yet he never lost sight of the subject, 
and his lectures were masterpieces of the integration 
of ideas. Dumas also insisted upon the importance of 
laboratory teaching. He was the first to introduce 
into France the fine laboratory teaching that Liebig 
had begun at Giessen. As early as 1832 he founded 
a laboratory at his own expense for his students. He 
furthered the education of scientists in France by the 
founding with T. Olivier and E. Pictet of the Ecole 
Centrale des Arts et Manufactures for the study of 
chemical engineering. He also organized the Society 
for the Encouragement of the Sciences. Dumas was 
the inspiration and guide for many young chemists, 
both from France and the surrounding countries. 
Piria, Stas, Melsens, Wurtz, Laurent, and Pasteur all 
studied under the ‘‘Master.” 

The character of Dumas was full of contradictions. 
Primarily, he was a conservative; in religion, he was 
orthodox; in politics, he followed the middle road. 
He was slow to accept a theory. Over and over in 
the “Lecons de philosophie chimique” he insists that 
experimentation is the first law of chemistry. He in- 
sists on “blind submission to the power of facts.” 
“Ancient or modern,”’ he says, “chemists see with the 
eyes of the body before using those of the mind: they 
make theories to suit facts, and not seek facts for 


Dusos, Reng&, ‘Louis Pasteur,” Little Brown, Boston, 1950, p. 
31. 

+ “Littre, Dumas, Pasteur, and Taine,” Edinburgh Review, 
156, 105 (1882). 


JOURNAL OF CHEMICAL EDUCATION 


preconceived theories.”!! Only after he himself chlor. 
nated acetic acid did Dumas acknowledge the correc. 
ness of the assumptions of Laurent’s theory of sy. 
stitution, although the theory had been suggested jp 
his own empirical rules. Yet Dumas often extended 
a theory beyond its reasonable limits. After accepting 
the substitution theory of Laurent and developing it 
in opposition to the dualistic formulation of Berzelius 
he went so far as to suggest that sulfur might replace 
carbon in an organic compound with little change in 
the fundamental nature and properties of the original 
substance. 

During the Restoration, when the ideas of the divine 
right of kings and the power of authority were jn 
vogue, the Academy assumed the regulation of the 
theoretical speculations of all scientists. The con 
servatism of Dumas in this early period in chemistry 
was probably the result of the opposition that he met 
from Gay-Lussac and Thenard when he first began to 
work in Paris. Liebig, in a letter to Gerhardt, rm 
marked that nothing injured Dumas more in his early 
years in Paris than his tendency to theorize.'? Thus 
Dumas seems to have adopted the ways of Parisian 
society and to have accepted the more conservative 
ideas of the Academy. He himself was practically 
the dictator of French chemistry from 1840 until about 
1865, when Berthelot rose to prominence. Dumas 
was largely responsible for the unforgivable exiling of 
Laurent, Gerhardt, and others to the provincial uni 
versities.'* Especially did Dumas fear Laurent and 
Gerhardt. Laurent had humiliated Dumas in his 
papers claiming priority to the theory of types," and 
Dumas could never forgive him. Ostwald, in his life 
of Gerhardt, has suggested that Dumas also recognized 
in Gerhardt a man of fiery and unyielding disposition, 
who would have become a dictator had he gained 
power in the field of chemistry. 

Dumas was very ambitious. He was always careful 
to meet and know the right people. He married into 
a fine family. He altered his ideas to suit those around 
him. It has been said that Dumas borrowed liberally 
the ideas of other chemists and offered them as his 
own. Berzelius, in a letter to Wohler, called him a 
“charlatan, French wind-bag, chemical dancing-mas 
ter.” Liebig, Laurent, and Kolbe all accused him of 
violating their priorities. Most certainly Dumas was 
lax in acknowledging sources. But this was a period 
of strong words and accusations, and authorities dis 

1 Dumas, J. B. A., ““Legons de philosophie chimique,” Gauthier- 
Villars, Paris, 1937, p. 3. 

12 OstwaLp, W., “Grosse Manner,” Akademische Verlag 
gesellschaft, Leipzig, 1910, p. 227. 

13 Daumas, M., “L’école des chimistes Frangais vers 1840,” 
Chymia, 1, 63 (1948). 

14 Dumas published his research on indigo under the title, 
“Fourth memoir on chemical types,” and Laurent then pub- 
lished his next paper under the title, ‘“Twentieth memoir 
types or derived radicals, types which were not discovered by M. 
Grimavx, “Auguste Laurent,” Rev. Sci., [4] 6, 168 
1% yon Meyer, E. A., “A History of Chemistry,” Macmillan 
and Co., London, 1906, p. 285. 
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on the truth of these statements. It seems 
grange that so dishonest a man, as Dumas is made to 
gem, could gain the world-wide acclaim which he 


enjoyed. In speaking of the Brongniarts Dumas said, 
“Animated by the love of truth and indifferent to the 
enjoyments of fortune, they have found their reward 
in public esteem.”’® Perhaps this reward was what 
Dumas was ever seeking. 

Dumas seemed to understand most of the problems 
and theories of his day, yet he was slow to accept 
them. Whether this was because he found them hard 
to express or because of his insistence on visible experi- 
mental proof is difficult to say. Dumas seemed to 
gasp the phenomenon of substitution and gave a set 
of rules to cover it, but left its expression and develop- 
ment to Laurent. He foresaw the principle of ho- 
mology after his discovery of amyl alcohol. He recog- 
nized the classes of compounds in his type theory. 
As early as 1826 Dumas accepted the truth of Avo- 
gadro’s hypothesis and recognized the difference be- 
tween the physicist’s atom (molecule) and the chemist’s 
atom (atom), yet he said at one time that he wished 
the word atom had never been invented. He pio- 
neered the work in atomic volumes. He made his 
careful determinations of atomic weights in order to 
prove Prout’s hypothesis and found that the atoms were 
multiples of '/. and '/, Prout’s value. He recognized 
the classification of the metals into families (triads). 
However, with the exception of the etherin theory, 
a work of his early years, he was never -~ first to 
publish a theory or to accept it. 

The personality of Dumas must have been very 
engaging. He made friends wherever he went. All 
the scientific world acclaimed him. At the Congress 
of Karlsruhe the whole assembly greeted his entrance 
into an afternoon meeting with an ovation. Wurtz 
called him the founder of organic chemistry. Liebig 
dedicated his volume of chemical letters to Dumas. 
In his personal relations Dumas was kind, genial, and 
concerned with the welfare of others. As Minister of 
Agriculture and Commerce he introduced bill after 
bill to improve the condition of the working class and 
the aged. Louis Napoleon called him the “poet of 
hygiene.”” Dumas was always interested in improv- 
ing the agriculture and industries of France. He 
was active and enthusiastic in all that he did, always 
ready to take advantage of an opportunity. For 
instance, he found a method of manufacturing sulfates 


*® Hormann, A. W., loc. cit., p. xl. 
"Cooke, J. P., “Jean Baptiste André Dumas,” Am. J. Sci., 
[3]28, 299 (1884). 
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by noticing their accumulation on a porous curtain in 
a bath house filled with hydrogen sulfide. Dumas 
attacked each problem with vigor and intelligence and 
usually succeeded in his endeavors. 

Whether as “French wind-bag,” “poet of hygiene,” 
or “Master,” Dumas must always be remembered as 
a man who made a great impression on the world of 
his day in politics, literature, philosophy, and science. 
His dream of becoming a part of the history of science 
was fully realized and fully deserved. 
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Srvpents often remember the equation for thereaction 
of copper with nitric acid in terms of the magic ratio 
of 3 to 8. Similar feats of memory pay off on many 
another chemical question and laboratory experiment. 
Progress in a science is, of course, impossible without 
memory but it may be advisable to memorize somewhat 
more fundamental ideas than the coefficients in an 
equation. If such memory were correlated with direct 
experimental observation the situation would be much 
closer to ideal. 

In the writing of chemical equations it has become 
customary to learn formulas of reagents and products 
and to balance the stoichiometry first and then to in- 
dicate physical states, colors, and odors. A much more 
firmly gounded scientific approach would be to indicate 
first any changes in color or any disappearance or 
formation of phases and then to identify these direct 
observations with the chemical species causing them. 
The copper-nitric acid equation would start out in the 
form: 


Cu + 
red 


Ht + NO;-—> 


cone. dark brown gas _ blue solution 


The dark brown gas would next be identified as NO» 
and the blue color as caused by the presence of Cu*+* in 
solution. The stoichiometry could then follow natur- 
ally from the direct experiment rather than experimen- 
tal confirmation following from predicted stoichiometry. 
Sight is by far the most used of the five physical 
senses in the study of chemistry; smell and taste must 
be applied with great discrimination around a labora- 
tory. Hearing (except for dodging explosions) is of 
minimal importance, and feel is limited ordinarily to 
superficial identification. Yet it is doubtful that many 
students realize the importance of their fundamental 
sight perception and understand the basis of their 
chemical conclusions in terms of the type of sight ob- 
servations made. The evidence for the insolubility of 
silver chloride is not a set of solubility rules in a text 
but the observation of a white precipitate when solu- 
_tions of silver nitrate and sodium chloride are mixed, 
coupled with the fact that sodium nitrate does not pre- 
cipitate under these conditions as a glance at the side 
shelf reagent bottle will show. 

One of the basic objectives of a beginning chemistry 
course is to teach the values of accurate observation. 
Ability to make such accurate direct observations and 
couple them with memory to give appropriate deduc- 
tions is a more valuable trait than memory alone. 


1 Presented at the 119th Meeting of the American Chemical 
Society, Boston, April, 1951. 


ON ACCENTING OBSERVATIONS IN CHEMISTRY 
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Rather than phrase questions such as “write the equa. 
tion for the reaction of copper with concentrated nitric 
acid” it proves more rewarding to request “‘the equation 
for the process in which a brown gas is evolved wha 
copper is treated with nitric acid.’’ Better yet fo 
teaching purposes is the performance of the experiment 
in which copper is added to the nitric acid, the student 
being told to observe the changes and write equations 
describing them. No “key words,” such as “brow 
gas,”’ are supplied. He is on his own. Such testing 
checks on the student’s ability to observe, to record, and 
to deduce from direct observation, rather than merely 
to recall certain facts associated with a standard set of 
familiar words. 

Use of this direct demonstration type of question m 
examinations has a startling ability to distinguish be 
tween the student who merely reads the book and r- 
members the words, and the student who is really ob- 
serving and making deductions on the basis of those ob- 
servations. 

In actual practice the experiments performed om 
examinations may not be those which have already been 
thoroughly discussed but, rather, some which are new in 
their detail while embodying previously observed proc 
esses. These variations are limited only by the i- 
genuity of the teacher. 

Much of the value of this type of teaching lies in the 
lack of the ‘key words’”’ by which many students leam. 
These words are not supplied by the teacher; rather the 
observations must be made by the student himsel 
‘Azure blue,”’ for instance, on examinations has come 
to mean the presence of copper ammonia complex i 
almost universally, just as “pungent”’ indicates the pret 
ence of chlorine. It is surprising how many students 
will fail to recognize the substance or its formula when 
an experiment is done in which the azure blue ap 
pears without attention being called specifically to it. 

A chemical equation is, for many a student, such 4 
complete abstraction that he would be hard put to it to 
describe the actual observations which would be made 
in a process for which he was supplied the complete 
equation. Such abstractions may be more and more 
necessary and feasible as the training of a chemist pr 
ceeds, but it would seem that the experimental basis for 
them might well deserve greater accent, particularly 
with the beginning student. 

We have now been using demonstration examin 
tions for five years and find that the students actually 
enjoy taking them compared to the usual type. The 
best students on the other exams are the best students a 
these; the worst students are still the worst. But 
the middle of the class, and just below the top level, it® 
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quite common to find students who do considerably 

rer work on an observational exam. These are the 
ones Who depend too much on remembered words and 
phrases; who are too inarticulate to phrase their own 
observations understandably. And there are others 
who have used their eyes throughout the course, and, 
hence, do well on these exams. It seems clear that such 
exams test another facet of the student, not previously 


measured, and so further round out, and improve, the 
picture of his accomplishments with respect to the class 
as a whole. 

It is important to train students to be careful readers, 
as in the usual test, and to be good listeners, asin the 
oral test, but it seems equally desirable to encourage 
them to be good direct observers, as in the demonstra- 
tion test. 


COULOMB’S LAW AND THE QUALITATIVE 


INTERPRETATION OF REACTION RATES 


Tur following discussion is pertinent only when elec- 
trostatic influences upon ions in solution predominate 
over specific effects such as those arising from the sol- 
vent due to solvation (1) and other causes (2). 

Coulomb’s law for ions in solution may be written 
for high dilution: 


F= 


(1) 
where F is the force between two ions of charges Z,« and 
Ze respectively, when the two ions are separated by a 
distance r in a medium of dielectric constant D. This 
dielectric constant D can for all practical purposes, 
especially in dilute solutions, be identified with that 
of the pure solvent. The Z’s represent the valencies of 
the ions and ¢ is the electronic charge. 

The force F is attractive for ions of unlike sign but is 
repulsive for ions of like sign. 

Before we really use Coulomb’s law for a qualitative 
interpretation of kinetic data we should have clearly in 
mind the Debye-Hiickel interionic attraction theory. 
The theory pictures an ion as being on a time average 
surrounded in a spherically symmetrical fashion by an 
atmosphere of ions of opposite charge to that of the 
central ion. This atmosphere would partially neutral- 
we the charge of the central ion with respect to its 
effect upon some ion outside the atmosphere. 

Now let us see what Coulomb’s law would tell us 
about the effect upon ionic reaction rates of increasing 
the ion concentration of the solution at constant dielec- 
tric constant and constant temperature. As ion con- 
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centration increases, the ion atmospheres surrounding 
any particular species of ion will become more dense. 
On the other hand, at infinite dilution there would be 
no atmospheres surrounding any species of ion. Con- 
sider reactants of unlike charge so that the Coulomb 
force is an attractive one. The attractive force between 
the reactant ions at high dilution would be given by 
equation (1). Now increase the ionic concentration 
by dissolving dissimilar ions in the solution. The 
reactant ions would begin to form atmospheres the 
density of which would depend on the total ion con- 
centration in the solution. But when the atmosphere 
forms, the effective charge on the ion is lessened with 
respect to its influence on other ions. Thus the oppo- 
sitely charged reactants will attract each other less 
strongly depending on the ion concentration in the 
solution. This can be seen from equation (1), for 
when Z,« and Zz are diminished, the force F which 
is attractive in the case being considered becomes 
smaller at constant D and r. Thus, from Coulomb’s 
law, it can be predicted that when the total ion con- 
centration is increased in a solution containing reactants 
of unlike sign, the attractive forces between the re- 
actants will be lessened and their rate of reaction de- 
creased. This result can be experimentally verified 
and quantitatively calculated using the Br¢nsted-Debye 
equation (3). 

In the case of reactants of like charge the ion atmos- 
phere effect will again be a decrease in the force be- 
tween the reactants, but in this case the force is re- 
pulsive, and by decreasing the repulsive force the ability 
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of the reactants to contact each other is enhanced and 
their rate of reaction increased. The amount of in- 
crease will be a function of the amount of cancellation 
of charge, and therefore a function of the atmospheric 
density, and hence of the total ion concentration of the 
solution. Thus equation (1) would predict a lessening 
of repulsive forces with decreasing effective charge due 
to ion atmosphere effects, and therefore would predict 
an increasing rate of reaction between reactants of like 
sign with increasing total ion concentration. This 
prediction can also be experimentally verified and the 
result can be calculated from the Brgnsted-Debye 
theory (3). 

Consider the effect upon the rate of ionic reactions 
of changing the dielectric constant of the solvent at 
constant ionic strength and constant temperature. 
From Coulomb’s law, if D is increased, other factors 
remaining constant, the force between ions becomes 
smaller. For ions of unlike sign the force is attractive 
and, as D increases, the attractive force decreases and 
the ionic reactants get together less readily; hence, 
the rate of reaction between such reactants would be 
decreased by raising the dielectric constant of the 
solvent. 

For ions of like sign the increased dielectric constant 
would cause a decrease in repulsive force and therefore 
ionic reactants of like sign would contact each other 
more readily and their rate of reaction would con- 
sequently be increased. 

When the dielectric constant of the medium is de- 
creased, the rates of reaction between ions of unlike 
sign would be increased due to increased attractive 
forces among the particles. For like charge of ionic 
reactants the rate of reaction would be reduced by de- 
creasing the dielectric constant of the medium since 
the repulsive forces among the particles would be en- 
hanced. 

All these effects have been experimentally verified 
(2, 4, 5). 

The question might arise as to how the dielectric 
constant of a solvent can be controlled at constant 
temperature. The answer is that mixed solvents can 
be used. Neither of the two solvents chosen must 
cause specific effects upon the rate. Thus a solvent of 
higher dielectric constant and a solvent of lower dielec- 
tric constant, the values of the dielectric constants of 
the mixtures of which, as a function of composition, 
have been recorded in the literature, are chosen. Sev- 
eral solvent pairs have been so studied (6,7). Dioxane 
with a dielectric constant of approximately 2 and water 
with a dielectric constant of about 78 at ordinary tem- 
peratures is a favorite combination. The dioxane- 
water combination allows a wide variation of dielectric 
constant, the concentration variation of which over 
the range from 0 to 100 per cent of dioxane has been 
studied by Wyman (7) at various temperatures. Fur- 
thermore dioxane is an inner ether, is inert to many 
materials, and in addition is soluble in water at all 
proportions as is indicated by Wyman’s dielectric 
constant studies. Thus, if one wants to decrease the 
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dielectric constant in known amounts one calculaty 
from Wyman’s data the percentages of dioxane to put 
in the mixtures with water at the temperature jp. 
volved. 

Other mixtures for which data occur in the literatup 
(6) include CH;OH-H.0, C;H;OH-H.O, acetone-H,0), 
and sucrose-H,0. 

Suppose it is desired to decrease the rate of reaction, 
at given temperature and concentration of reactants 
between two ions of unlike sign such as NH,*+ and 
CNO- which react to give ammonia. Then an jp 
different salt, e. g., NaNO; could be added in accordance 
with the extent of lowered rate desired; also if methyl 
alcohol-water solvent is being used the proportion of 
water could be increased. The added salt would de 
crease the effective charge on the reactants thus de 
creasing the attractive Coulomb force and hence the 
rate. The increased amount of water would raise the 
dielectric constant of the medium thus decreasing the 
attractive Coulombic force and consequently lowering 
the rate of reaction. 

In the following table are summarized the predictions 
of Coulomb’s law concerning the effects upon the rates 
of reaction between unlike signs of reactants and be 
tween like signs of reactants of changing ionic concentra 
tion and changing dielectric constant. 


Increase Decrease 
of total of total Increase Decrease 
ton zon of di- of di- 
concen- concen- electric electric 
tration tration constant constant 
Effect upon rate of Decrease Increase Decrease Increase 
reaction between 
unlike charge 
signs of reactants 
Effect upon rate of Increase Decrease Increase Decrease 


reaction between 
like charge signs 
of reactants 


DEMONSTRATION 


In giving a lecture demonstration, reactions that pro 
ceed fast enough to undergo perceptible change during 
the average lecture time of 50 minutes should be chosen. 
Reactions of greater rates are very desirable but slower 
ones cannot well be used. Further, it is best that the 
reactions used should be such that the rates of change 
are visually observable. 

It is not necessary that quantitative data be obtained 
in experiments designed to show how reaction rates cal 
be increased or decreased by changing certain variables 
Indeed in the short time of a lecture demonstration it 
would be difficult to obtain precise and accurate dats 
even on reaction rates most amenable to the time at 
lotted and to precision methods of measurement. 

In this lecture demonstration what is sought is 4 
dramatic, easily observable, quick, qualitative demot 
stration of the points in question. 

For the above reasons two reactions are used t0 
illustrate the points brought out in the theoretical 
discussion. The effect of dielectric constant of the 
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medium can be demonstrated in the following way, 
using the reaction between the negative bivalent 
tetrabromophenolsulfonphthalein ion and the negative 
hydroxyl ion to give the colorless carbinol (5). The 
reaction is thus between ions of like charge sign and 
the rate should be slowed down by decreasing the 
dielectric constant of the solvent. At a given tempera- 
ture the dielectric constants of water-ethyl alcohol 
mixtures are lower than that of water depending on the 
proportion of alcohol. We shall therefore choose such 
a concentration of alcohol as to change the dielectric 
constant and hence the rate of the fading reaction 
appreciably. Such concentrations of reactants will 
be used that the difference in rates in pure water and 
in water-alcohol solvents are readily observable within 
the 50-minute lecture period. 

Prepare two solutions simultaneously. Solution 1 
is prepared by pipetting into a 100-ml. volumetric flask 
10 ml. of 10-* m-tetrabromophenolsulfonphthalein, 
50 ml. of 3 N sodium hydroxide, and 25 ml. of ethyl 
alcohol, and diluting to the mark. 

Solution 2 is prepared by pipetting into a 100-ml. 
volumetric flask 10 ml. of 10—* m-tetrabromophenolsul- 
fonphthalein and 50 ml. of 3 N sodium hydroxide, and 
diluting to the mark. 

Both solutions are mixed well by inverting the flasks 
several times and the flasks are then set on the lecture 
desk for observation. It will be observed that within 
a period of 30 minutes or so the dye in the pure water 
(dielectric constant 78.5 at 25°C.) will be almost com- 
pletely faded. The dye in water-ethyl alcohol mixture 
(dielectric constant about 67 at 25°C.) will not have 
faded appreciably but, on standing 12 to 15 hours, will 
be decolorized. By reducing the proportion of alcohol 
in the mixed solvent the difference in fading rate in 
water and water-alcohol solvents can be reduced. 

The above reaction cannot be used to demonstrate 
the salt effect satisfactorily because at the high con- 
centration of sodium hydroxide used for short fading 
time the ionic strength effect has practically reached 
its limiting value and further addition of salt does not 
have a marked effect. A reaction which is amenable 
to the demonstration of the salt effect is the iodine clock 
reaction (8). The slow rate-controlling step in this 
reaction is the oxidation of the sulfite ion by iodate ion 
to the sulfate ion. The iodate ion is reduced to iodide 
ion which, when all the sulfite ion is used up, is oxidized 
by excess iodate ion to yield iodine. The iodine with 
starch gives starch-iodide blue. Therefore, as soon as 
all of the sulfite ion is used up, the solution which con- 
tains starch instantly turns blue. The controlling 
step of the reaction is again between ions of like charge 
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sign and the rate should increase with increased ionic 
strength. 

Prepare two solutions. Solution 1 contains 2.0 g. 
of potassium iodate per liter of water solution. Solu- 
tion 2 contains 0.40 g. of sodium bisulfite and 5.0 ml. of 
1.0 M sulfuric acid per liter of water solution. Prepare 
also a saturated solution of sodium chloride. 

Into a beaker of convenient size measure 20 ml. of 
water. Into one 10-ml. graduate measure 10 ml. of 
solution 1 and into another like graduate measure 10 
ml. of solution 2. Invert simultaneously the two 10-ml. 
graduates containing the two solutions over the beaker 
containing the 20 ml. of water and note the time (or 
start a stop watch). Allow the graduates to drain for 
five seconds and mix the contents of the beaker well 
by giving the beaker a swirling motion with the hand. 
In about 140 seconds the solution will instantly become 
blue in color. Time the appearance of the blue color 
(stop the stop watch). 

Now measure into a clean beaker 10 ml. of water and 
10 ml. of saturated sodium chloride solution. Again 
add simultaneously 10 ml. each of solutions 1 and 2 
from graduates and time as before. The blue color will 
now appear in about 58-60 seconds. 

If the 20 ml. of water is replaced entirely by 20 ml. of 
saturated salt solution and the rest of the experiment is 
carried out identically as above the time of appearance 
of the blue color will be reduced to about 20 seconds. 

The iodine clock reaction is not well adapted to the 
study of dielectric constant effects in mixed solvents 
because all common solvents other than water are 
chemically active with the reagents of the reaction. 
Thus dioxane and acetone react with and decolorize 
starch-iodide blue so that there is no blue color formed 
when either of these solvents constitutes one compo- 
nent of the mixed solvent. Ethyl alcohol and methyl 
alcohol affect the starch. For example, when the 
mixed solvent is 50 per cent by volume ethyl or methyl 
alcohol the starch visibly forms larger aggregates 
and in ethy] alcohol is precipitated in string-like fluffs. 
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@ THE USE OF PUNCHED CARDS IN THE TEACH. 
ING OF QUALITATIVE ORGANIC ANALYSIS 


Tue instructor conducting a course in qualitative 
organic analysis soon finds he has acquired a large num- 
ber of compounds, each with different chemical and 
physical properties, and also differing in ease of handling 
from the student viewpoint. The punched card shown 
in the figure has been designed to facilitate the catalogu- 
ing of such compounds and has proved very valuable in 
the teaching of such a course. 

The card is divided into two types of coding:' direct 
for functional groups, solubility, and a “hard-medium- 
easy’’rating for student use, and numerical for empirical 
formulas, physical data, etc. Thus, it is possible to 
sort the cards rapidly and select for a student a com- 
pound with certain functional groups, a boiling point 
within a given range, and a certain type of solubility. 
As the student progresses in the course, he can be given 
more difficult unknowns. Mixtures can be made up 
easily, for example, by sorting for a given boiling range, 
and then dividing the selected cards according to solu- 
bility groups. 

These cards are used primarily for listing the un- 
knowns used in a course. Results of student experi- 
ments are typed directly on the card in a condensed 
form, and these data are then used to evaluate the un- 
knowns as hard, medium, or easy. It has been found 
advisable to make up mixtures only from the easy com- 
pounds. 

Reagents may also be listed on the cards, and relevant 
data concerning the application of these compounds 
recorded. The cards have also been used for abstract- 
ing the literature and outlining lectures. The flexibility 
of the system—.e., ease of filing under various headings 
—makes the cards ideal in this regard. Approximately 
10 to 20 literature cards are made up from each issue of 
Chemical Abstracts throughout the year and this record 
is used for the preparation of lectures. The patent part 
of Section 10 is especially valuable for commercial 
separation of mixtures of organic compounds. 

Functional Groups (direct coding). These, together 
with ring structures, elements other than C and H, and 
a few other direct codings are listed on the upper edge of 
the card. In most cases separate codings are given to 
the inner and outer holes. Both shallow and inner 
punches are used, and a deep punch, of course, for both 
codings. In a few cases, as for alcohols, ketones, acids, 


1 The reader is referred to Cox, G. J., C. F. Bartey, anp R. S. 
Casey, “Punch cards for chemical bibliographies,” Ind. Eng. 
News, 23, 1623-6 (1945), for a detailed description of coding and 
sorting procedures. 
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etc., only one coding is given; a shallow punch signifies 
a monofunctional group, whereas a deep punch is used 
for a polyfunctional compound (ethanol and ethylene 
glycol, for example). No inner punch is used in this 
case.* In the case of an ester, such as ethyl benzoate, a 
deep aryl punch denotes the acid portion as aromatic, 
whereas the alkyl shallow punch is used for the alcohol 
portion. With phenyl acetate, a deep alkyl and a shal 
low aryl punch are used. 

From the various codings given, it is possible to sort 
for most of the ordinary organic compounds encountered 
in a teaching course. As an expansion feature, six 
numbers are provided on inner holes, and two more 
numbers (seven and eight) on the upper right side are 
placed for future codings. 

Solubility Groups (direct coding). These are given 
on the upper left side and are taken from Shriner and 
Fuson’s classification scheme. 

Student Ratings (direct coding). This coding is given 
on the left side also. When a compound is first assigned 
as an unknown, the H (hard) hole is punched. Then, 
as more students work with the substance and its ease 
of handling as an unknown becomes apparent, the M 
(medium) and E (easy) holes are punched. Finally, 
the unknown’s rating moves to the mizture class. The 
sorting of a series of cards in this rating should be carried 
from right to left so that the last (or easiest) rating is 
dropped first. 

Empirical Formulas (numerical or field coding). 
This is given on the right side of the card, the number 
of carbon and hydrogen atoms being coded up to 31. 
Limited provision is also made for coding the number 
of the next most frequent element, in the order: 0, 
N, 8, Cl, Br, and I. Methanol is coded CH,0, but 
acetamide (C;H;ON) is added as C,H;O only, the pres 
ence of N being shown in the direct coding on the top 
of the card. 


2 It will be noted that only one coding (shallow punch) for 4 
branch chain is given in the upper right corner. This is done to 
avoid a deep punch which, combined with a punch in the adjoin- 
ing side hole, gives a very weak corner which may crease easily. 
The same precaution is taken on the diagonally opposite corner. 

3 Suriner, R. L., anp R. C. Fuson, “Identification of Organic 
Compounds,” John Wiley & Sons, Inc., 1948, p. 59. 

* A binomial numerical coding is used, rather than the familiar 
7-4-2-1 decimal coding; the binomial system allows a greater 
number of entries to be made in a given number of holes, in con- 
trast to the decimal system. Thus a 7-4-2-1 system is used for 0 
to 9 (10 variables), whereas the 8-4-2-1 system ranges from 0 to 15 
(16 variables). A 16-8-4-2-1 field has 31 variables. This bino- 


mial system is used for all the numerical codings on the card. 
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Sample Punched Card 


In an earlier set of punch cards a numerical coding 
was made for the molecular weight but the empirical 
formula is more desirable. 

Physical Data. These are given in numerically 
coded fields on the lower edge of the card. They are 
set up in the outer holes only.® 

The refractive index field is set up in 31 steps of 0.01 
each, ranging from 1.31 to 1.61. In the density field, 
the first 25 intervals of 0.02 each for the range from 0.60 
to 1.10, and the last six intervals of 0.10 range from 1.20 
to 1.70 are used. The melting and boiling points (the 
latter are at 760 mm.) are given in 31 steps ranging 
from 0° to 310° in 10° intervals. The choice between 
a boiling and melting point is given by the listing of a 
compound as a liquid or solid, respectively, on the upper 
edge of the card. 

Miscellaneous Fields. These are given also in the 
lower portion of the card. In addition, a series of 
numbers, from 11 to 32, is given as an expansion region 
for future direct codings. The-cost field is set up ex- 
ponentially, the cost being given in 2" cents per 100 
grams, where n ranges from 1 to 15. This type of 
coding gives a wide variation in values. The standard 
price used is that given in the Eastman Organic Chemi- 
tals Catalogue for a c.p. compound. Production is 
also listed exponentially, the yearly production being 


‘It is easy to sort cards in sequence when the outer holes are 
used, but very difficult to do such sorting for the inner holes. 
Therefore, all important numerical fields are coded in the outer 
holes only, 


given in 10" tons, where n ranges from 1 to 7. This 
field gives the instructor an idea of the commercial use 
of the simple laboratory chemicals. Location is used 
to denote whether a chemical is on the shelf in the in- 
structor’s laboratory or in the stockroom (deep and 
shallow punches, respectively). 

Miscellaneous Direct Coding. A series of three holes 
to the right of the production field serves as main 
codings for the use of the cards. The shallow U (un- 
known) punch is used to list all single compounds used 
as student unknowns; on these cards are listed the stu- 
dents’ data, reactions, derivatives, etc. The inner 
Mizt (mixture) punch is used for student data con- 
cerning the separation of mixtures. Once a mixture 
is separated into the several components, the data for 
the latter are then listed on “unknown” cards. Several 
functional groups or solubility groups may be coded on 
a “mixture” card, as phenol and acid, or A; and A: 
solubility groups. Reagenis (R) are listed on cards 
in a manner similar to unknowns but the data recorded 
are relevant only to the action of the reagent. Chloro- 
acetic acid, for example, would be coded as a reagent, 
and also under phenols, with which it forms derivatives. 
It would not be coded, in its consideration as a reagent, 
as an alkyl-acid. However, it may be listed on a 
separate card as an unknown and, in this case, the 
normal functional groups would be listed. Test tube 
experiments (TT, a deep punch) are a series of pre- 
liminary experiments given to the students to famil- 
iarize them with functional groups or separation of 
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mixtures. These cards are coded TT and U, or TT 
and Mixzt. 

Lecture, Literature, Quiz, and Problem (the last two 
are inner punches, whereas Lit is a deep punch) con- 
cern themselves with general subjects rather than 
specific compounds. For this reason a specialized sub- 
ject index is set up by utilizing the density, melting or 
boiling point, and cost fields as a main heading and two 
subheadings (0-31, 0-31, and 0-15 respectively). 
The main headings, listed under the “altered’’ density 
field, are: 


. Laboratory technique 

. Physical data 

. Classification reactions 
Derivatives 

. Physical separation of mixtures 
. Chemical separation of mixtures 
. Miscellaneous 


Thus, paper partition chromatography is listed under 
5-4-0, that with paper strips under 5-4-4, that on cellu- 
lose columns 5-4-5, etc. This numerical coding has 
been confined thus far to a maximum of 7-15-15. The 
main headings, of course, can be expanded to 31 if 
desired. 

Similarly, the carbon and hydrogen fields are used al- 
ternatively for a Date field, the decades being coded 
under Carbon and the year under Hydrogen. 
Although these two special numerical fields are set 
up for literature or lecture cards, the other codings can 


WE HAvE felt an acute need for good demonstrations 
in the teaching of equilibrium principles to freshmen, 
since the freshmen seem to have a hard time grasping 
the idea from the study of abstract equations. 
This demonstration makes use of the colored cobal- 
tous complexes in a mixed solvent to show the depend- 
ence of some equilibria on temperature. The solution 
is red at room temperature, and turns blue upon warm- 
ing, reverting to red again upon cooling. 

The reaction may probably be represented by the 
equation: 
alcohol 


CoCl,-~ + 6 Co(H,0).+* + 4 Cl- + heat 
blue red 


The exact structures of these complexes are none too 
certain. It has been reported! that the blue complex 
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still be used in the usual manner. Thus, for pape 
partition headings, sortings can be made when this 
technique is applied to certain functional groups, gg 
acids or phenols, etc. 

One small field will be noted on the lower left side of 
the card, titled Key. This field of three holes (seven 
variables) is set up to distinguish one set of cards, as 
those described in this article, from other types, coded 
in a different manner for other purposes. The present 
type of card is punched at the center hole, as indicated 
by the arrow. Thus, with this master key, seven sets 
of cards can be used with no fear of confusion. 

Finally, the reader will note an alphabetical field 
(O I EC B)* below the refractive index field. This ig 
used for the initial letter of a compound. In an earlier 
card, the author coded a series of three fields for the 
first three letters of a given compound, but this was 
seldom used. Hence, the present field has been re- 
stricted to the initial letter only. It is very interesting 
to note how much simpler it is to sort for the functional 
group or empirical formula rather than for an alpha- 
betical heading. The latter may be rather ambiguous, 
as in the listing of amyl alcohol under A or under P 
(pentanol). Esters can be sorted functionally, where- 
as alphabetically they would be listed under ethyl, 
methyl, phenyl, etc. A functional cataloguing of 
organic compounds in handbooks or catalogues would 
in some ways be more desirable than the present alpha- 
betical type. 


6 Cox, G. J., C. F. Baitey, ann R. S. Casey, op. cit. 


A TEMPERATURE-EQUILIBRIUM DEMONSTRATION 


JOHN A. BROWN 
Georgia Institute of Technology, Atlanta, Georgia 


has the general formula CoX,~—~ in solutions with ex- 
cess halide, but a blue complex CoX, has also been re 
ported in solutions without excess halide.? The red 
complex is usually considered to be the normal hy- 
drated cobaltous ion.” 

The demonstration may be performed as follows. 
Dissolve 0.2 g. of CoCl,-6H,O in 15 ml. of 95 per cent 
ethyl alcohol. This concentration is not critical—use 
enough to get a pleasing color. Add water, slowly, until 
the blue solution turns red. This will take 1 or 2 ml, 
depending on the exact amount of CoCl,-6H,0 used 
and the purity of the alcohol. Heat the solution to 
make sure it works. If the transition temperature is too 
high, a little alcohol will lower it; water will raise it. 
Seal the solution into two ampoules to prevent evapora- 
tion, and heat one to show the color change. 


1 Barvinok, M. &., J. Phys. Chem. (U.S.S.R.), 22, 1100-7 
(1948); 19, 612-16, 793-7, 1028-33 (1949). 


? Bostetsky, M., anv K. S. Spizcier, J. Chem. Soc., 1949, 
143-8. 
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* A QUANTITATIVE SODIUM FLAME TEST 


A siete spectrophotometer was improvised as fol- 
lows. A square of polaroid was fastened in front of 
the telescope objective of a Bunsen-type spectroscope. 
A wedge of cork between the lens mounting and the 
prism table sufficed to hold it in place. A small disc 
of polaroid was cut to fit the eyepiece tube and was 
held in position in the lens mounting. 

An ordinary brass protractor was soldered to a split 
tube of such size as to fit snugly on the focussing tube 
of the telescope. A narrow sheet of sheet metal bent 
about the eyepiece tube, with one long arm extending 
out over the protractor scale to serve as a pointer, 
completed the instrument (Figure 1). 

The method of producing the flame was a modifica- 
tion of the qualitative procedure devised by A. Ehring- 
haus,' in which a roll of filter paper was substituted 
for platinum wire as a carrier for solutions of flame- 
coloring substances. 

Small squares of filter paper, 3 X 3 cm., were used 
in these tests. Glass tube holders made of 15-cm. 
lengths of 4-mm. (internal diameter) tubing were bent 
to an obtuse angle of about 30 degrees at 5 cm. from 
one end. A square of filter paper was rolled about a 
small nail and inserted half way into the short arm of 
the bent tube. The nail was removed and a 4-cm. 
length of No. 2 twisted iron picture wire inserted in 
its place. The wire was bent so as not to slide out of 


place in the roll, and allowed to project about 3 mm. 
beyond the paper. 


This wire heats in the flame and 


Figure 1 


accelerates the vaporization of the solution. A Fisher 
high-temperature burner was used and was protected 
from drafts by a sheet metal shield. In all of these 
tests the same height of flame was found necessary. 

The tube thus prepared was filled half-full with the 


' Centr. Mineral. Geol., 1919, 192. 


Cc. C. KIPLINGER 
Lycoming College, Williamsport, Pennsylvania 


Molarity of NaCl Solution 


Figure 2 


test solution and placed in a holder made of a stand and 
an adjustable buret clamp holding a slotted rubber 
stopper of such size as to firmly grip the long arm‘6f the 
solution tube. The spectroscope slit was placed 15 cm. 
from the flame. A wide slit covering three divisions 
of the Bunsen scale was used in these experiments. 

The calibration curve in Figure 2 was based on the 
extinction angles of flames produced by solutions of 
sodium chloride of known molar strength. An approxi- 
mately linear relationship was established as shown. 
These results were obtained in a laboratory with 
ordinary lighting. 

Using this method a sample of c.p. potassium iodide 
gave a sodium content of 0.17 + 0.03 per cent. The 
manufacturer’s marking was “Na less than 0.03 %.” 

An interesting test with magnesium sulfate, manu- 
facturer’s mark, “0.05 % Na,” showed 0.02 per cent; 
but when acidified with Na-free HCl, it tested 0.84 per 
cent. 

Precautions. The extinction readings must be made 
rapidly, because the flame intensity increases with the 
gradual increase in solution concentration due to 
evaporation. The appearance of crystals on the paper 
makes the readings useless. 

The wick should be inserted at the same height from 
the burner top. 

One-tenth molar sodium chloride solution was the 
strongest that could be used. Stronger solutions 
should be proportionately diluted. Best results come 
in the range indicated by the graph. 
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No one who has done any significant research in 
chemistry will doubt the need for a good search of the 
literature. Various problems associated with such 
a search have been discussed from time to time in THIs 
JourRNAL and elsewhere.” * 

Many schools offer a course in chemical literature 
although some do not require it of their undergraduate 
majors. Many other departments feel that a formal 
course in chemical literature is undesirable for budget- 
ary reasons or because it would take time which cannot 
be spared from a crowded program. It has been stated 
with considerable justification that a course about 
chemical literature is like a course about research* and 
is of little interest unless correlated with live problems. 
Professor Sillén has discussed this problem in public 
lectures (““The Chemist’s Brain—A Housing Problem’’) 
which unfortunately has only been published in Swed- 
ish.‘ He points out that while the fund of knowledge 
is increasing exponentially with time, the material 
which a student remembers decreases exponentially 
with the time elapsed since it was studied. As a result, 
no chemist can possibly know more than a minute frac- 
tion of the available chemical knowledge. However, 
it is still possible for him to know how to find a sub- 
stantial fraction of the total knowledge although some 
phases will remain unintelligible for lack of suitable 
training. Sillén makes a plea for more attention to 


and less attention to memorizing unrelated facts. He 
describes a method of literature training in use at 
Stockholm’s Technical University. The students are 
set small literature problems from their first year: 
“What is known about the formula for chloride of 
lime?”; ‘Outline safety precautions for the use of 
perchloric acid”; “How are the atoms arranged in red 
lead?”’ which require reference to information beyond 
that found in the ordinary textbooks. This is followed 
by problems in synthetic inorganic and organic chem- 
istry which are not presented in a laboratory manual 
but must be looked up in the original. In this way, 
the habit of referring to the larger handbooks and 
abstract journals for needed information is instilled 
along with the basic principles of chemistry. 
One common approach to this problem, which has 


1 Presented at the Pacific Northwest Regional Meeting of the 
American Chemical Society, Seattle, June 8-9, 1951. 

2 For example see: Ectorr, G., et al., J. Cuem. Epuc., 20, 
493, 587 (1943); ibid., 21, 615 (1944). Also, ‘Searching the 
Chemical Literature,” Staff of Industrial and Engineering Chem- 
istry, A. C.S., 1951. 

3 MeLpruM, W. B., anv T. O. J. Cuem. Epuc., 20, 592 
(1943). 

4 L. G., Elemenia, 32, 161 (1949). 


learning principles and methods of finding information . 


A LITERATURE SEARCH ASSIGNMENT’ 


ROBERT B. DEAN 
University of Oregon, Eugene, Oregon 


been used by the author, is to assign term papers jp 
graduate and “fifth” courses. These assignments 
require that the student refer to the original literature 
although they sometimes turn out to be based upon a 
single review article. Since, for many of the students, 
such a term paper is their first encounter with the 
original literature, it seems desirable to give some in- 
troduction to the library and the bibliographic aids 
which are available. Such an introduction can be made 
in a single lecture followed by a tour of the library 
facilities. 

A follow-up of this introduction to the library js 
logically a specific assignment involving the finding of 
some original data. Obviously each student must 
have an individual assignment, both to insure inde 
pendent work and to reduce the wear and tear on the 
library facilities. Individual assignments present no 
problem in small classes but the task of preparing 
twenty to fifty different problems may prove to bea 
sufficient additional burden to result in its postpone 
ment “until I have more time!” 

In order to reduce the labor of making up and grading 
literature search assignments in a course on the colloid 
chemistry of high polymers, the following form was 
prepared and duplicated. 


Literature Search 


Student’s name 


Locate the following information and outline the chain of 
references that you followed to obtain it. Do not include blind 
leads. Indicate any article which you were unable to see and if 
possible give a reference to an abstract of this article. Report 
your findings on this page, giving title of article, and journal 
reference or patent number. 

I. The first paper or patent describing the production of ‘ 
(3-in. space) 

II. A recent review article dealing with the properties, produc 

tion, or use of this material. 


(1-in. space) 
III. Tabulate, with reference to the original source, at least 
three physical properties of this material. 


A different high polymer was entered on each form 
and the students drew their assignments at random 
from the sheaf of forms to avoid charges of favoritism 
since some assignments are inevitably easier than others. 

Other branches of chemistry would require obvious 
modifications of this wording. One might use nearly 
the same form for industrial chemicals or pharmaceuU- 
tical products. A rather different form would be 
necessary to give training in searching for preparative 
methods. In analytical chemistry one could ask for 4 
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review of the methods for determining a given com- 
pound or element, a reference to the original paper 
describing one of these methods, and a presentation 
of the range and limits of precision of a modern version 
of the same method. In physical chemistry one could 
similarly ask the students to locate references to meth- 
ods for determining a physical property. 

This form is similar to that reported by Emling for a 
patent assignment.’ His assignment has been used 
with favorable results as a sequel to the one presented 


+ Euuina, B. L., J. Coem. Epuc.; 28, 133 (1951). 


here since a more detailed knowledge of the type of 
information contained in patents is desirable for all 
chemists who are going into industry, or who expect to 
teach chemists who will go into industry. 


The literature search assignment described in this 
paper may be of questionable value if it is not followed 
up by further problems such as arise in the preparation 
of term papers and ultimately in the preparation of 
research theses. Its main function is to help the stu- 
dent to get started so that he may be expected to do a 
better job on his first term paper. 


a A COMPARISON OF CRITERIA FOR THE 
REJECTION OF MEASUREMENTS 


Tue rejection of measurements is dealt with in al- 
most all elementary texts in quantitative analysis, 
but the treatments leave much to be desired. Some 
presentations of this subject appear contradictory to 
others, some are inapplicable to most chemical data, 
and some are even incorrect. It is the purpose of this 
paper to discuss and compare some of the accepted 
criteria for rejection of data, and to sum up the princi- 
ples on which such rejection may properly be made. 

In a set of measurements on a single quantity, if one 
measurement is “discordant” with others of the set, 
the question arises as to whether the discordant meas- 
urement should be discarded or retained. 

If it can be decided that some specific error may have 
been made in obtaining the doubtful observation, then 
it should be rejected, regardless of how it stands in 
relation to the other observations of the set. Certainly, 
no measurement should be retained which is experi- 
mentally questionable in any respect. This is probably 
the safest and most reliable basis for rejection of data; 
further, it seems to be the only generally applicable one. 

Using the concept of a “statistically significant differ- 
ence” (6) many authors state that it is possible to reject 
a discordant measurement for no other reason than that 
it differs considerably from other measurements of the 
set, even though the discordant one may be experi- 
mentally no more questionable than the others. The 


W. J. BLAEDEL, V. W. MELOCHE, and J. A. 
RAMSAY 


University of Wisconsin, Madison, Wisconsin 


justification for such rejection is that a large difference 
between any one observation and others of the same set 
would not be expected to occur very frequently, and 
that if such a large difference exists, it is probably due 
to some (unknown) error made in obtaining the ques- 
tionable measurement. 

In attempting to apply this statistical principle to 
discarding measurements, it is necessary to decide how 
large the difference must be before rejection may be 
made, and it is in fixing this minimum difference that 
difficulty arises, for the experimenter is faced with two 
contradictory objectives: 

(1) If the investigator wishes to be quite sure that the 
difference between the questionable observation and the 
others of the set is statistically significant, then the 
minimum difference required for rejection must be so 
large that many measurements which are quite dis- 
cordant cannot be excluded because the differences 
are not great enough to meet the criterion for rejection. 
In other words, setting the minimum difference high 
enough to assure good statistical significance causes 
erroneous measurements to be retained too high a pro- 
portion of the time. (This is called an “error of the 
second kind” by statisticians.) This is very bad, for 
discordant observations have a great effect on the mean 
and may cause considerable error if retained. 

(2) On the other hand, if the minimum difference for 
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rejection is made too small, then valid data may be 
rejected too high a proportion of the time. (This is 
called an “error of the first kind” by statisticians.) 
The wastefulness of this practice is not its worst evil. 
The error of the mean is actually increased in thus re- 
ducing the number of observations, and the increase is 
appreciable when the number of observations is small. 
Further, such rejection may lead to retention only of 
values that are spuriously close together, and therefore 
to a claim for spuriously high precision, which may be 
extremely misleading. 

Various criteria for rejection of measurements differ 
principally in the relative extent to which each oi these 
two opposing objectives is emphasized. 

In all the following procedures for rejection, the 
distribution of the observations in the set (called the 
“sample”) is examined. If this distribution corre- 
sponds reasonably to that expected in a good random 
sample drawn from the same normal population of 
measurements as the actual sample, then all measure- 
ments in the actual sample are retained. If, on the 
other hand, the actual sample shows an improbable 
distribution, the outlying observation is rejected. This 
approach is valid in principle, but when applied to 
measurements of the chemist, which are almost in- 
variably few in number (7. e., two to six), the conclusions 
are very uncertain. The reason for this is that the 
inference as to the nature of the normal population 
from which the actual sample was drawn becomes more 
uncertain as the number of determinations decreases. 

The following criteria for rejection. of measurements 
are examined in detail and evaluated in the light of the 
above considerations. 

The “2.5d” Rule. Several authors (3, 7, 9) use the 
followirfg principle for rejection of a discordant measure- 
ment. This rule seems to be gaining in popularity, 
even though it is incorrect. There must be at least four 
measurements in the sample, but not more than six or 
eight. Compute the mean (a,:) and the average 
deviation (d,_;) of the observations in the sample, 
omitting the questionable value. If the deviation (x) 
of the questionable value from the mean (a,_:) is more 
than 2.5 fold greater than the average deviation of 
the closely grouped values (7. e., more than 2.5 d,_1), 
the discordant observation may be rejected. 

In justification, it is stated that if the deviation of an 
observation exceeds this limit, then the chances are 
only about 1 : 20 or less that the discordant observation 
is really a valid member of the population from which 
the remaining members of the sample are drawn. The 
chances are "19:20 or greater that some definite 
(unknown) error is involved in the discordant observa- 
tion, which may therefore be safely rejected. 

This justification is based on the statistics of samples 
of large numbers of determinations, drawn randomly 
from a normal population, and is extended to small 
samples without proper compensation therefor. Fur- 


ther, in estimating the average deviation from the most 
closely grouped observations, a “selection” is made, and 
the sample is no longer a random one. 


This criterion 
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is not a good one; the limit set for rejection is much 
too low and leads too frequently to rejection of valid 
data and to erroneously high estimates of precision 
(i. e., to errors of the first kind). 

This principle is applied to a few selected cases in 
Table 1, where the “‘discordant”’ values are italicized jn 
each case. In the first three cases rejection of the 
italicized values seems arbitrary, yet the criterion calls 
definitely for rejection in every case. The fourth case 
might be argued to be a “borderline case,” yet the rule 
conclusively rejects the italicized measurement. In 
the fifth case the italicized value is not even the most 
discordant, yet according to the 2.5d criterion, it is 
almost a borderline case. 


TABLE 1 
Application of the 2.5d Rejection Criterion to Specific 
Samples 
Av. dev. 
Mean of (dn—1) of 
good’ 2 
measure- measure- 
Sample Measurements* ments ments dat 
1 14, 22.33 29 1.167 0.045 3.0 
2 5.3, 1.20 0.067 3.0 
3 11,1.1,1.2,13 1.133 0.045" 3.7 
4 1.0, 1.2, 1.2, 1.5 1.133 0.089 4.1 
5 1.0, 1.2, 1.2, 1.5 1.30 0.133 2.3 


* The italicized measurement in each series is considered the 
discordant one. 

* x = deviation of italicized measurement from mean of “good” 
measurements. 


The distribution of x/d,_; was considered difficult to 
find theoretically, but it was found experimentally as 
follows: Two hundred random samples of n determina- 
tions each were drawn from a table of normal random 
numbers, distributed about a true mean of 2 and having 
a standard deviation of 1 (7. e., an average deviation of 
0.80) (6). For each sample, there was computed the 
average (a,_:) and average deviation (d,_,) of the ml 
close determinations, and the deviation (x) of the dis 
cordant observation from a,_;. The ratio x/d,_; was 
then found for each sample. 

A cumulative distribution of the percentage of sam- 
ples having x/d,_; at or above certain values is shown 
in the figure for sample sizes having n = 3, 4, and 5. 
Study of the figure shows that for sample sizes with 
n = 4, about 86 per cent of the samples have z/d,4 
above 2.5, while for n = 5, 82 per cent have 2/d, 
above 2.5. These proportions are much greater than 
the previously mentioned 5 per cent predicted from the 
statistics of large samples. Following this rule would 
result in rejecting valid measurements about 5 out of 6 
times for samples of 4 or 5 determinations! 

Actually, considerably more work was done with 
these experimental samples than is reported in the 
figure. The average (a,) and average deviation (4) 
of all the determinations in each sample were also com- 
puted. It was found that a, of all the determinations 
in each sample was more often closer to the true meal 
than a,_; of the closely grouped determinations in each 
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sample, which is in accord with theory, since the mean 
of n determinations is more reliable than that of n-1 
determinations. Also, it was found that the average 
deviation (d,_,) of the close determinations was several 
times less than the average deviation of the population 
from which the samples were taken; or in other words, 
that d,_, furnished an erroneously high estimate of the 
precision. 

These estimates are rendered less favorable for the 
argument if it is considered that the sample may 
actually contain erroneous values a certain proportion 
of the time. (It must be remembered that the curves 
in the figure are for samples consisting of equally re- 
liable observations, all drawn from the same normal 
population.) In any worth-while chemical analysis, 
however, this proportion of erroneous values must be 
small, and therefore cannot have much effect on these 
estimates. If it is argued that this proportion of erro- 
neous results might be great enough to influence the 
above estimates appreciably, then such analyses are 
not worth considering at all; nothing can aid in the 
interpretation of analyses where it must be supposed 
that gross error occurs frequently. The problem at 
hand is concerned with the rejection of occasional 
errors. For these reasons, the above estimates and 
those in the figure may be considered to be good ap- 
proximations of those encountered in actual practice. 

Tests on the distribution of a,, a,1, and d, indicated 
that the samples were properly and randomly chosen. 
As a further check on the correctness of these estimates 
and conclusions, Youden and Lieblein have studied the 
problem of two out of three determinations experi- 
mentally and theoretically, with essentially the same 
results as stated above. Their work is summarized 
very interestingly in a short article entitled: ‘The 
fallacy of the best two out of three determinations” 
(11). A few points are shown in the figure for the 
distribution of x/d,_, for samples with n = 3, taken 
from this article. 

The “4d” Rule. Almost all earlier texts in quantita- 
tive analysis and some of the newer ones set the limit 
of the preceding rule at 4d,_; instead of 2.5d,,. The 
justification given for the limit of 4d,_; is that if a dis- 
cordant observation in a set differs by 4d,_, from the 
mean of the others, then the chances are very high that 
some definite error exists in the discordant observation. 
The probability that the discordant observation is a 
valid member of the same population as the other 
measurements of the set (7. e., the probability of making 
a statistical error of the first kind) is quoted by various 
authors as being only 1.4 to 7 in 1000 (9, 12). 

If these probability estimates were correct, it could 


be argued that the 4d,_, limit is so high that statistical 


errors of the second kind (i. e., retention of erroneous 
values) would occur too frequently. It is this argu- 
ment which has led (incorrectly) to the adoption of 
the 2.5d,_; limit in preference to 4d,_, by some authors. 

Examination of the figure shows that when four 
observations are made on a quantity, the ratio of the 
deviation of one from the average of the three close 
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ones may exceed four times the average deviation of the 
three close ones almost 60 per cent of the time. For 
five observations, the ratio may exceed four about 36 
per cent of the time. Use of this rule would result in 
errors of the first kind and rejection of good measure- 
ments around half of the time, for sets of four or five 
determinations. Rejection cannot be made with any 
reasonable degree of confidence using this rule, and it 
should not be employed even roughly for the rejection 
of one in a small number of determinations. 

The Chauvenet Criterion. This test is much used in 
radiochemistry for the rejection of nonconforming 
counting measurements (1). The procedure for appli- 
cation of this rule is as follows: (1) Find the mean and 
probable error (0.6745 times the standard deviation’) 
of the whole series of measurements, including the 
questionable one. (2) If the ratio of the deviation of 
the discordant observation to the probable error is 
greater than R, the questionable determination may be 
rejected. The value of R is dependent upon the num- 
ber of observations in the set and is given in tables 
(2, 10). 

Chauvenet’s rule is based upon the statistics of a 
large number of observations, and is in theory quite 
versatile, for it may be applied successively to a series 
of determinations to eliminate more than one discordant 
observation. Investigation of this criterion, however, 
shows that it is not much good for any number of 
determinations. 

The rule is devised so that if a discordant measure- 
ment falls at the limit for rejection, then it is just as 
likely to be a valid member of the series as not, and 
there is appreciable confidence neither in retaining nor 


1 Chauvenet defines his standard deviation as the square root 
of the sum of the squares of the individual deviations divided by 
one less than the number of determinations. It is known (6) that 
this gives a biased underestimate of the true standard deviation 
of the population from which the sample is taken. 
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TABLE 2 


Application of the Chauvenet Criterion to Specific Cases 


(1) Arrange the determinations in ag 
cending order of magnitude. (2) Caley. 


Standard dev. 
Mean of all (s) of all 
measurements measurements 


late the difference between the discordant 
measurement and its nearest neighbor, 


R, for 
and divide this difference by the range (i, 


rejection 


e., the difference between the largest and 
smallest measurement), calling the quo 
tientQ. (3) If Q exceeds certain tabulated 
values (4) which depend upon the 
number of determinations, the question- 
able measurement may be rejected with 
90 per cent confidence that some definite 
error is involved in this measurement 
which was not involved in the other 
measurements of the set. This rule and 


2.05 
2.23 


in rejecting this questionable measurement. This dis- 
advantage exists for a series of any number of deter- 
minations. Even for a large number of observations 
(see case 8, Table 2), rejection of values falling at the 
limit would seem spurious. 

An even more serious error occurs when the rule is 
extended to a small number of determinations, due to 
the large effect which the discordant observation may 
have on the estimated mean and probable error. In 
fact, the R limits given for rejection of one measure- 
ment in a group of three or four is never exceeded in 
practice, no matter how discordant the measurement. 
The following example may make this clear for the 
case of four determinations. 

Suppose four determinations on a quantity give y, y, 
y, and y + 4q, where the last is assumed discordant. 
The mean is then y + q, the probable error is 1.3490g, 
and the deviation of the discordant observation is 3q. 
Hence, the ratio of the deviation of the discordant ob- 
servation to the probable error is 3¢/1.3490q = 2.224, no 
matter what the value of g. The value of this ratio 
for any other set of measurements, where the first 
- three are not identical, cannot be greater than 2.224. 
The limit, R, given for rejection of one out of four 
determinations, is 2.23 (see Table 2), greater than the 
maximum attainable. For three determinations, the 
difficulty is much worse; the limit for rejection is 2.05, 
whereas considerations similar to those above show the 
maximum attainable value is only 1.71. The specific 
cases 1 and 2 in Table 2 further illustrate the failure 
when the rule is applied to three or four determinations. 

Even for five determinations, the computed ratio 
may exceed only slightly the value of R set for rejection, 
and computations must be made quite precisely, for 
rejection or retention of a questionable value is based 
on rather small differences in the ratio. This is illus- 
trated in Table 2 by application of the rule to the se- 
lected cases 3-7, inclusive. 

For these reasons, the Chauvenet criterion should 
not be used as a basis for rejection of measurements. 

The Q Test. In an excellent and recent paper (4) 
on simplified statistics for small numbers of observa- 
tions, Dean and Dixon have described a very simple 
test, called the Q test, which is performed as follows: 


its confidence limit are statistically correct. 
Further, it possesses the advantage of simplicity over 
other good rules for the rejection of outlying observa- 
tions (5, 8), even though it may be less efficient in some 
cases. 

However, application of this criterion to sets of small 
numbers of observations (7. e., three to five) does not 
allow rejection of an outlying result unless the dis 
crepancy is quite large. A divergent observation would 
be intuitively suspected considerably before this test 
would allow its rejection. As stated by Dean and Dix- 
on (4), these rules are good primarily as justification for 
rejection of grossly erroneous values. Because of the 
large difference required for rejection, errors of the 
second kind occur, and erroneous values are retained 
too high a proportion of the time. This is a severe 
defect if the arithmetic mean of the set of observations 
is computed, for the mean is greatly influenced by re 
tention of a discordant value. Dean and Dixon have 
suggested use of the median instead of the arithmetic 
mean to avoid the effect of extremal values when the 
latter are suspected but cannot be rejected with con- 
fidence. There is a disadvantage in using the median 
instead of the arithmetic mean, since the median is a 
less efficient measure of the true central value of the 
population from which the sample of observations is 
taken. This was apparent from the data summarized 
in the figure. For samples containing 3, 4, and 5 
determinations, the median was found experimentally 
to be farther from the true mean more often than the 
arithmetic mean of all determinations in the samples. 
This, however, is simply a part of the price which must 
be paid to reduce the effects of a possibly erroneous 
observation. 

By setting the confidence limits lower than 90 per 
cent (7. e., to 75 per cent, or even lower), the possibility 
of making errors of the second kind and retaining 
erroneous values would be decreased. However, it 
is recognized by statisticians that such low confidence 
limits have little meaning when applied to a single 
sample of a small number of observations. The result 
of a chemical analysis is usually important, and the 
recipient of this result usually wants better assurance 
than three chances in four or so that the result is a8 
stated, and not something considerably different. 
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Conclusion. Of the various commonly used criteria 
for rejection of outlying observations examined in 
this paper, some are statistically incorrect when applied 
to small samples of only three to five determinations, 
which is the number usually dealt with by analytical 
chemists. The “2.5d’”’ or “4d’’ rules have limits for 
rejection that are far too low and lead too frequently 
to rejection of good data with a loss in accuracy, and to 
spuriously high estimates*of precision. Chauvenet’s 
criterion does not allow rejection of any result in samples 
of three or four determinations, no matter how discord- 
ant, and is of questionable use even in samples of five 
determinations. 

The recently proposed Q test is perhaps the simplest 
of correct statistical procedures for the rejection of 
extremal observations, but even this is not very useful 
when applied to samples of a small number of observa- 
tions. In order to be fairly certain that the rejected 
value is really in error, the limits for rejection must 
be so great that erroneous values are retained too high 
a proportion of the time. Samples of only three to five 
determinations are so small that only the roughest 
guesses of the distribution of the population may be 
made, and for this reason, correct statistical rules are 
useful only to justify the rejection of grossly discordant 
observations. 

If the standard deviation is known for the population 
from which the sample is drawn, the performance of 
these rules is better and the limits for rejection of out- 
lying values are smaller (4). Thus, the experienced an- 
alyst, who knows within what range his determinations 
should fall on the basis of many similar analyses per- 
formed by himself or others in the past, may use these 
tests to reduce the effect of unknown chance errors 
which arise infrequently. In other words, the experi- 
enced analyst bases his judgment upon a disagreement 
between his known expected precision and that which 
he has achieved, rather than upon a theoretical ex- 
pected precision poorly estimated from the small and 
possibly faulty sample at hand. The student or begin- 
ner does not have this experience and does not know 
the precision of which he is capable. These rules 
should be applied with great caution and reservation 
by all except the experienced worker. 

These criteria are attempts to arrive at a decision to 
retain or reject data without employing the knowledge 
or judgment of the investigator, and as such, they 
seem attractive, especially to the novice, but they 
must be unsatisfactory. The only safe and good 
basis for elimination of a discordant observation is 
knowing or finding that some definite error has in- 
fluenced this observation; any other basis is open to 
question. If one measurement in a small number of 
Measurements is discordant, it should not be arbi- 
trarily discarded, for this has the same effect as’ arbi- 
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trarily bringing it into conformity with the others. 
Instead, the reason for the discrepancy should be 
found, or enough additional determinations should 
be performed to give good assurance that the question- 
able observation is really wrong. ' 

The following procedure is suggested for interpreta- 
tion of a sample containing three to five observations, 
if the precision is considerably lower than expected, 
and if one observation is considerably different from 
the others of the set. (1) The data leading to the 
discordant observation should be retraced to see if 
some definite error might have been made in obtaining 
this observation. If such an error is found, the cbserva- 
tion may be rejected. (2) If no definite error may be 
associated with the questionable determination, the 
Q test should be applied. If this test calls for rejection, 
such rejection may be made with 90 per cent confidence 
that an undiscovered error exists in the outlying obser- 
vation. Performance of additional analyses, if pos- 
sible, increases the efficiency of this test. (3) If the 
Q test does not allow rejection of the extreme value, 
the median of the observations should be used, rather 
than the arithmetic mean. 
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A MACRO GAS BURET 


Lararom aluminum hydride is showing itself to be a 


remarkable reducing agent by the ease with which it 
attacks many linkages and by the very high yields 
which are frequently obtained. Since this new hydride 
is easily handled in ether solution and has been shown to 
react safely with many functional groups,’ it lends it- 
self well to undergraduate senior research. 

One of the senior problems undertaken at Illinois 
Institute of Technology was 
to determine the optimum 
conditions for the reduc- 
tion of chloroacetic acid to 
ethylene chlorohydrin. In 
this study gasometric data 
were desired to confirm and 
supplement the results of 
other types of measure- 
ments. This paper describes 
the construction and cali- 
bration of the macro gas 
buret which was used in 
this problem and which has 
since proved a generally 
useful piece of laboratory 
apparatus. 

The high vapor pressure 
of ethyl ether (usually the 
reaction medium of choice) 
and the desirability of oc- 


casionally performing further operations on the products 
made it virtually impossible to use the conventional 


“Grignard machine.”’ It was found possible to over- 
come these difficulties, however, by increasing the scale 
of operation, using a dry-ice trap to remove ether vapor 
from the hydrogen, and collecting the hydrogen by dis- 
placement of water. 

A large carboy, such as that mentioned by Arnold 
and co-workers,” was first used. This was found to be 
unwieldly for continuous use and was discarded in favor 
of a graduated, 150-cm., 100-mm. diameter glass tube. 
The present design is a refinement of the latter form and 
offers greater convenience together with higheraccuracy. 

The figure shows the arrangement of the buret with 
its side tube by which the height of the water in the 
buret is measured. The body of the buret is made of 
100-mm. Pyrex tubing. The side tube, of 8-mm. Pyrex 


1 Ann. Repts. on Progress Chem. (Chem. Soc. London), 45, 122-3 
(1948). 

2 ARNOLD, R. C., A. P. Lien, anp R. M. Au, J. Am. Chem. 
Soc., 72, 731-3 (1950). 
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tubing, is attached to the center of the top of the buret 
by one leg of a Y-tube and to the bottom by a solid 
stand-off tube 15 mm. long. The height (7. ¢., the 
capacity) is a matter of preference. The authors have 
found a height of about 150 cm., giving a capacity of 
approximately 10 liters, very satisfactory. None of the 
dimensions is critical; it is only important that the 
buret can be filled by vacuum (water aspirator) with 
no air spaces remaining up to the stopcock. 

A length of steel measuring tape, not shown in the 
figure, is fastened against the side tube. Calibration is 
easily carried out by filling the apparatus with water 
and then reading the steel rule after successive volumes 
of water have been withdrawn. The best way to control 
this flow of water out of the buret is by means of a stop- 
cock fitted to the bottom of the buret through a No. 15 
rubber stopper. During this operation, the side tube 
must be connected to the bottom of the buret by a short 
piece of rubber tubing and a short piece of glass tubing 
inserted through a second hole in the rubber stopper. 

Weighing the water withdrawn would give the most 
accurate results for the calibration. However, such 
great accuracy would be entirely unnecessary for most 
purposes. Careful measurement of the water with a 
calibrated 100-ml. or 200-ml. volumetric flask was found 
to be convenient and of sufficient accuracy. From the 
calibration data a table of height versus volume was 
constructed. 

The accuracy of the measured volume is limited by 
the error made in reading the meniscus. It happens 
that the scale behind the side tube is conveniently 
magnified by the water so that the meniscus can easily 
be read to the nearest mm. This means that the vol 
ume can easily be known to the nearest 8 ml. Experi- 
ments have shown that interpolation between the cali- 
bration points produces less error than reading the 
meniscus to the nearest mm. If 5 liters of gas are 
collected (about half the capacity of the buret), the 
error is less than two-tenths of one per cent. It is pot 
sible, of course, to obtain greater accuracy. 

In use, the buret stands in a 4-liter beaker and is sup- 
ported by three three-hole rubber stoppers each of 
which has glass tubing twice the length of the stopper in 
every hole. These pieces of glass tubing act as guides 
down, through which the bottom of the buret fits. The 
top of the buret is clamped to a tall ring stand. The 
4-liter beaker has an overflow which keeps the watet 
level approximately 1 cm. above the bottom of the 
buret. Thus, a differential pressure of less than 0.1 
mm. of mercury is needed to force gas into the buret. 
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The buret is filled with water (preferably at room 
temperature) by shutting off the overflow, connecting 
an aspirator to the top, and running water into the 4- 
liter beaker at approximately the same rate as it rises. 
When the water has risen into the stopcock, the stop- 
cock isclosed. The buret is then ready for use after the 
overflow at the bottom has been opened. 

The gas evolved from the reaction being studied is led, 
by means of 8-mm. glass tubing, through a cold trap 
(dry ice and acetone or methanol) into the bottom of 


the buret. When the evolution of the gas is complete, 
the number of mols of gas collected can be calculated 
from the following formula: 


(Patm. — Pheaa — Pvap.)V 
RT 


where P,,,,. is the barometric pressure, P,,.,, is the 
pressure due to the height of water above overflow, P,,,. 
is the vapor pressure of water, and V is the volume of 
gas (obtained from the calibration table). 


A popULAR feature of several recent science exhibits 
at Huntingdon College has been the ammonium 
dichromate “‘voleanoes.”” These volcanoes have been 
made by students in general chemistry, and, with im- 
provements from one year to the next, have evolved 
into the one described here. 

To make the voleano erupt, about 10 g. of ammonium 
dichromate is poured in at the top and a switch at the 
base is thrown. At first a small amount of smoke 
comes out; then sparks and hot chromic oxide come 
pouring out. When the reaction is over, a small 
handle on the side is turned and the residual chromic 
oxide is dumped through the bottom of the volcano into 
a waste can below, and it is ready to erupt again. 

The figure shows the general construction. Inside, 
about 2'/, in. from the top, is an iron disc to which is 
bolted the heating element. A 20-watt, nonvariable, 
2500-ohm, vitreous resistor, of the sort available at a 
radio-supply store, serves as the heating element and 
is connected to a 110-volt source through a line out of 
the bottom of the voleano. An “on-off” switch is 
included in this line. Across the center of the disc is 
fastened a piece of stiff iron wire. This wire holds 
the disc in place, and it extends out through one side 
of the voleano to serve as a handle to rotate the disc 
through 90 degrees. A small spring is bolted to the 


1 Present address: Mississippi State College for Women, 
Columbus, Mississippi. 
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under side of the disc near one edge and brings the disc 
back to a horizontal position after dumping. Bolts, 
rather than solder, are used because of the heat 
generated. The heating element is well insulated 
from the reaction disc, so as to decrease the chances of 
electrical shock. The reaction chamber is a cylinder 3 
in. in diameter made from a tin can. 

The exterior of the voleano—a cone-shaped metal 
mantle—is covered with papier-maché and, near the 
top, asbestos pulp. The volcano is permanently 
mounted on a bridge table, and is about 14 in. high and 
12.in. across at the base. The diameter of the opening 
at the top is 1'/, in. 
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€ THE MUSPRATTS AND THE GAMBLES— 
PIONEERS IN ENGLAND’S ALKALI INDUSTRY! 


Duane the nineteenth century Great Britain attained 
a leading position in the alkali industry. Among the 
pioneers who contributed to English leadership were 
members of two remarkable Irish families, the Mus- 
pratts and the Gambles. 

The first Muspratt of scientific interest was James 
Muspratt, who was born in Dublin, Ireland, on August 
12, 1793.2 He studied at a commercial school in the 
city and showed ability that might have earned him 
distinction had he been able to afford to go to college. 
But his parents were poor and could not afford this. 


dames Muspratt 


At the age of 14, he quit school and was apprenticed to 
a Mr. Mitcheltree, a wholesale druggist, with whom he 
remained for four years.* 


1 Presented before the Division of the History of Chemistry 
at the 119th Meeting of the American Chemical Society, Boston, 
April, 1951. 

2 Hartoa, P. J., “Dictionary of National Biography,” Oxford 
University Press, London, 1909, Vol. 12, p..1331. Haynes, W., 
“This Chemical Age,’”’ Van Nostrand Co., Inc., New York, 
1945, p. 26. 

3 ALLEN, J., 
1906, p. 70. 
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Muspratt found pharmacy interesting, for in those 
days it still had some of the wonder and mystery of 
old-time alchemy. There were, of course, no patent or 
ready prepared medicines or pills, and the pharmacist 
made up all his preparations from old herbal formulas, 
old mixtures handed down from generation to genera- 
tion. He mixed his ingredients by hand in crude and 
old fashioned apparatus. Textbooks on pharmacy were 
few and far between, but whatever books Muspratt 
came across during his apprenticeship he read avidly, 
and he occupied himself in his spare moments by trying 
out chemical experiments. : 

When he was 18 years old Muspratt lost both his 
parents. Soon afterwards he quarreled with the old 
pharmacist and found himself out of work. He had 
no money, for what money his parents had left to him 
was tied up in legal wrangles. He joined the British 
army, and we next hear of him with the Duke of Welling- 
ton’s forces at the Battle of Salamanca and entering 
Madrid with the British forces in 1812. 

As the tide of war turned, Muspratt soon found him- 
self in trouble. When large French forces were sent to 
Spain to counterattack the English forces Wellington 
retreated hurriedly from Madrid. Left behind in the 
haste, and ill with fever, was Muspratt. However, with 
the French only a few miles away, he decided to follow. 
Traveling on foot he performed the remarkable feat of 
covering 100 miles in two days and rejoining the main 
body of the army. 

Muspratt later enlisted as a midshipman in the 
British Navy, but, though promoted to the rank of 
second officer, he disliked naval discipline and deserted 
when his ship anchored off Swansea, Wales. On re- 
turning to Ireland he found that the legal difficulties 
about his inheritance had been cleared up and a small 
capital sum was at his disposal. He looked around to 
see how best to make use of his money and decided to 
open a chemical plant, which must have been something 
of a venturous decision in those days. 

He began by making hydrochloric acid but later, 
with a partner named Abbott, turned to the making 
of prussiate of potash also. He became a man of 
affairs in Dublin and a figure of note in the social and 
literary circles. His friends included Samuel Lover, 
the writer, and James Sheridan Knowles, the dramatist, 
after whom his son was named James Sheridan Mus- 
pratt.‘ 

Prospects for chemical industry appeared better 
in England than in Ireland, so in 1822 he transferred 
his plant to a site in Liverpool. The new Leblanc proc- 


‘ Ibid., p. 76. 
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ess for making soda attracted his attention and he was 
quick to appreciate its commercial possibilities in view 
of the lifting at that time of the exorbitant duty of £30 
a ton on salt. 

In an old glassworks which he purchased on the banks 
of the Mersey river Muspratt began to operate a 
Leblanc plant in 1823. But the trouble at first was that 
no one would buy the soda he made by the new method. 
The soapmakers found the new soda to be very different 
to the barilla and kelp they were accustomed to and, 
though in fact it was a stronger and a purer product, 
they were suspicious of it, and preferred to purchase the 
better known materials even at higher cost. 

Muspratt had to give away free large quantities of 
his product to overcome the prejudice® and, to prevent 
attempts at sabotaging his product, he had himself 
to superintend the making of soap from it, and so con- 
vince the soapmakers of its worth. Of course, he 
eventually succeeded in this, and in order to satisfy 
the great demand the crude soda had to be delivered to 
the buyers straight from the furnaces, hardly cool 
enough to be handled. 

His son, Edmund K. Muspratt, relates’ that at first 
only “black ash” (the crude product of fluxing the 
materials in the furnace) was made, which tested 24 
per cent Na,O. This was a comparatively good prod- 
uct and was willingly taken by the soapmakers. 
But when it was found that the material lost strength 
on lying in the air—due to oxidation of calcium sulfide 
to sulfate and the action of the calcium sulfate on 
sodium carbonate—the further step was taken of 
treating the black ash with water and converting the 
solution by evaporation and calcination to white soda 
ash (as the French had done from the beginning). 

Muspratt’s plant prospered and, except for a few 
small works on the Tyne, his installation remained 
the only one in England for six years. As matters 
improved, Muspratt went into partnership with an- 
other chemist of Irish birth, namely Josias Gamble. 

Gamble was born at Graan, near Enniskillen, county 
Fermanagh, and was of Presbyterian upbringing.® 
He decided to become a minister and took his master’s 
degree in arts at Glasgow in 1797. Two years later 
he was ordained minister in his native Enniskillen and, 
after some service there, decided to go abroad as a 
missionary. It was the usual thing in those days for 
intending missionaries to take out a course of medical 
lectures in the Royal Academical Institution in Belfast 
to fit them better for the work. 

The medical course included a series of lectures in 
chemistry, and so interested did Gamble become in 
chemistry as a result that when he returned home on 
vacation to Enniskillen he spent his time in what must 
have seemed an unusual occupation for a man of the 
cloth. He occupied himself in preparing bleaching 

*Luneg, Geores, “Manufacture of Sulphuric Acid and Al- 
kali,” 3rd ed., D. Van Nostrand Co., Inc., New York, 1909, 
Vol. II, Part II, p. 506. 

° J. Chem. Soc., 1871, 620. 


J. Soc. Chem. Ind., 1886, 409. 
* ALLEN, J., op cit., p. 43. 
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solutions for linen made locally on the hand-loom. 
From the waste products of his bleach preparations 
he made Glauber salts, for which he found a ready 
market. 


Josias Christopher Gamble 


Apparently, Gamble abandoned his missionary ideas 
at this stage in favor of chemical industry, for shortly 
afterwards he spent some time operating a small 
bleaching plant in county Monaghan. Tennant had 
lately patented the process of absorbing chlorine with 
slaked lime and Gamble operated the process in his 
plant. Then he moved to Dublin and, while prac- 
ticing intermittently as a minister, opened a larger 
plant on the banks of the river Liffey at Islandbridge 
above the city. 

As well as bleach, he prepared the sulfuric acid 
needed for his process. In his acid plant he made use 
of new and improved techniques and was, for example, 
the first to adopt the French method of working vitriol 
chambers with a constant draft through them. It 
is said that he was so anxious to keep his methods a 
secret that, when making alterations in the plant, 
he carried out the work himself at night. 

Before long he was also making alum, using as his 
raw materials potash from the brimstone ovens and 
pipeclay imported from Poole in England. 

Like Muspratt, Gamble eventually decided to move 
to England where prospects for expansion seemed 
greater. He went to St. Helen’s, met Muspratt, and 


decided to go into partnership with him. 

Though commercially the soda process as operated 
by these two pioneers seemed headed for success, the 
acid released from the plant caused great damage to 
crops and pastures for miles around and, before long, 
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various legal actions were brought against them either 
to mitigate the nuisance or to close down. 

Muspratt and Gamble thought at first that if they 
built a very tall chimney it would carry the acid fumes 
to such a great height that by the time they came to 
earth they would be too dilute to do any damage. 
The chimney was built but the fumes were as damaging 
as ever. The trouble was that the humidity was so 
great that, despite the chimney height, the acid con- 
densed at once on leaving the top and fell to the ground, 
destroying vegetation just as before. 

The pair tried other expedients and in 1836 devised 
a coke condenser arrangement to remove the acid 
fumes and so prevent the fumes from reaching the 
atmosphere at all. Muspratt did not think much of 
this scheme, particularly after the various earlier 
abortive experiments, and could not see how the con- 
denser could get rid of the great volume of fumes in- 
volved. He remarked ‘Sure all the waters of Bally- 
shannon itself would not suffice to condense the acid I 
make.’’® 

But the condenser arrangement did prove a qualified 
success and the new industry developed rapidly. 
Soon afterwards Gamble branched off independently 
and later operated plants in various English towns. 
Muspratt expanded into new plants all over Lanca- 
shire. One small town where he opened a plant ex- 
panded so rapidly as a result that its population rose 


from 3000 to almost 25,000 people in a 20-year period. 
A later development in the alkali industry associated 
with the names of these pioneers was the evolution of 


the plus-pressure furnace. This was the name of a 
type of salt-cake furnace adopted widely since 1876, 
in which the escape of acid-gas through leaks in the 
muffle into the fire-flues (without passing through the 
condensing apparatus) was ingeniously avoided. This 
was done by making the draft within the muffle stronger 
than in the fire-flues surrounding it. If any leaks 
existed in the muffle, the acid-gas would not escape 
into the flues. Instead, a little fire-gas would enter 
into the muffle, which was not considered harmful and 
which in any case stopped all complaints about the 
escape of acid from the plant chimney.” 

Muspratt’s method of achieving such a plus-pressure 
was by dispensing with the chimney-draft, and, in- 
stead, forcing air underneath the grate, and also ad- 
mitting additional air in other parts of the furnace for 
burning the carbon monoxide."! 

In Gamble’s furnace a blind roaster was fired by 
means of gas producers; the air required for combus- 
tion was heated by passing through a system of iron 
pipes which, on their part, were heated from the out- 
side by the heat of the furnace-fire. The escape of 
acid vapors through any chinks from the muffle into 
the fire-flues was avoided by adjusting the dampers 

® Ballyshannon, on the river Erne, is now the site of a large 
Irish hydro power plant. 

1 Lunar, Georce, “Manufacture of Sulphuric Acid and Al- 
kali,” 3rd ed., Gurney & Jackson, London, Vol. II, Part I, 


1909, p. 170. 
11 British Patent, May 4, 1877. 
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so that the gas in the generator was kept at a slightly 
higher pressure than the gas inside the muffle. 

Though both Gamble and Muspratt lived for many 
years in England, they always maintained a keep 
interest in Irish affairs. Gamble was of liberal out 
look, and is reputed to have been a member of the 
secret revolutionary ‘United Irishmen” when he 
lived in Dublin. During the abortive rebellion in 
1798 he sheltered and hid a number of the important 
leaders of the movement in his home. 

Muspratt’s interest in Irish affairs was illustrated 
by his action regarding the use of Irish-mined pyrites, 
About the year 1832 the government of Naples in 
Italy raised the price of native sulfur to a very high 
figure. The result was that Muspratt and other 
English manufacturers turned to Irish deposits of 
iron pyrites in county Wicklow. Until the Neapolitan 
price was again lowered trade was brisk in the Irish 
ore and over 100,000 tons a year were exported.” It 
is of interest to note that these deposits were not again 
considered until the time of World War II, when a 
scheme was on foot to recover sulfur from them for 
eventual use in the making of superphosphate fertilizer. 

When Liebig was experimenting on the refertiliza- 
tion of soils Muspratt cooperated with him in the 
making of various chemical fertilizers. The venture 
was not a success at the time, for the raw materials 
were too costly. Yet the work was a forerunner of 
later large-scale developments in the chemical fertilizer 
industry. 

Throughout his business life James Muspratt be 
lieved in free trade. He did not wish for protective 
tariffs for his industries, but held the view that if his 
products were of high enough quality they could stand 
on their own feet against foreign products. In his 
later years he made extended visits to the European 
continent, and often visited with Liebig in Giessen. 
In retiring from an active part in his plants he became 
interested in education and was one of those responsible 
for developing the Mechanical Institute of Liverpool. 
This school made vocational and technical training 
available at low cost to workers in the area. 

James Muspratt died at the age of ninety in Liver- 
pool. His had been a busy and active life, for the 
chemical manufacturer had many problems to con- 
tend with in those days. There was always the chance 
of new discoveries and inventions coming on the 
market and perhaps making a whole plant or series 
of installations obsolete overnight. When not facing 
legal action for damage caused by effluents from his 
plants, the manufacturer was fully occupied in training 
workers in skilled operations and in supervising experi- 
ments to improve yields and better his products. 

It has been said of James Muspratt that he will be 
remembered not so much as an original inventor oF 
as a chemist, “but as a man of unusual energy, of keen 
perception, of indomitable perseverance, and of fat 
seeing enterprise, and such men have been large con- 

12 REILLY, D., ‘‘Sir Robert Kane,’’ Cork University Press, 
Treland, 1942, p. 38. 
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tributors to the greatness of the countries in which 
they worked."* 

Apart from the work already described, two other 
important advances in the aikali industry were brought 
about by Josias Gamble. In the first place, he sug- 

ted the use of boat-pans in the evaporation of 
alkali plant solutions for solids recovery. Various 
open-pan heating methods were first developed in 
France, Germany, and England. However, Gamble 
put forward the suggestion that instead of using flat- 
bottomed pans or pans provided with gutters, pans 
shaped like boats should be used. The idea of such 
pans was to allow the salt to drop to the bottom as the 
solution became more concentrated, heat being applied 
only to the sides of the pans. Pans of this type were 
later adopted widely in England.'* 

Gamble’s second contribution was in the field of 
solid caustic production. A new epoch dated from 
Gossage’s patent of May 18, 1853. Essentially, 
Gossage’s process first freed soda-ash liquor from iron 
sulfide by air oxidation, and then treated it gradually 
with a solution of bleaching powder to convert the thio- 
sulfate into sulfite or sulfate and concentrated it until 
nearly all the sodium carbonate and ferrocyanide had 
been separated as salts. The remaining solution was 
then concentrated to yield solid caustic.* According 
to Davis,'® Gamble was the first to carry out Gossage’s 
process on a large scale. The industry expanded 
rapidly in the South Lancashire area, which eventually 
became the English center of such manufacture. 

The ability of early pioneers to develop uses for waste 
products was well illustrated by Gamble in describing 
uses for hydrogen sulfide at that time.'? While it was 
understandable that pure hydrogen sulfide was readily 
burned for conversion to sulfuric acid, Gamble men- 
tioned that even dilute sulfide—as obtained for instance 
in making ammonium sulfate, as well as in various 
attempts at decomposing alkali wastes with carbon 
dioxide—can under favorable conditions be converted 
into sulfuric acid in ordinary vitriol chambers. He 
described how this was done as early as 1839 in at 
least four Lancashire works. 

When Josias Gamble retired from business his work 
was carried on by his son, David Gamble, who was also 
a chemist, but better known as an educationalist.'* 

Muspratt, too, was succeeded by his sons, all four of 
whom were chemists. Notable among these were 
Edmund Knowles Muspratt, founder of the Muspratt 
Physical Chemistry Laboratory, and James Sheridan 
Muspratt. 

The latter was born in Dublin on March 8, 1821. 
He inherited his father’s interest in chemistry and, 
when only 13 years of age, enrolled in Glasgow Univer- 
sity, later going on to London University. He became 

* ALLEN, J., op. cit., p. 100. 

“ LunGe, GEorRGE, op. cit., Van Nostrand Co., Inc., New York, 
1909, Vol. III, Part IT, p. 697. 

8 Tbid., p. 790. 
* J. Soc. Chem. Ind., 1886, 351. 


" J. Soc. Arts, 1882, 735. 
* J. Chem. Soc., 1908, 2279. 


chemist to a plant in Manchester at the age of 17 and 
in the same year published his first scientific paper, 
which dealt with chloride of lime. 

His father’s industrial plants were then at their 
peak and, after young Muspratt had made an unsuc- 
cessful attempt at embarking on a business career, his 
father advised him to spend more time in the study of 
chemistry.’® Asa result, he went to work for two years 
in Liebig’s laboratory in Giessen. He published a 
detailed paper on the sulfites, which contained much 
that was new on their chemical nature and which was 
widely translated. The work won him his Ph.D. 
degree while still but nineteen years old. 

On his return to England he read a paper on the work 
to the British Association for the Advancement of 
Science. Later he spent some time at work with 
Hofmann, and discovered and described a number of 
important organic intermediates which were later to 
be of significance in the dye industry. With Hof- 
mann, he also isolated a new acid from cloves. In 
later years he was the founder of the Liverpool College 
of Chemistry, which proved to be the training ground 
of many notable English chemists. 

But the most striking contribution to scientific 
progress made by James Sheridan Muspratt was in 
his massive two-volume work of 2000 pages, his “‘Dic- 
tionary of Applied Chemistry.” The work appeared 
first in monthly parts and was subsequently published 
in book form in Glasgow and London in 1860. It was 
dedicated jointly to the French chemist, J. B. Dumas, 
and to Sir Robert Kane, noted Irish industrial chemist.” 
Muspratt wrote: “To whom could I with greater 
propriety inscribe this work than to my distinguished 
friends and colleagues; both of whom have contributed 
the most valuable assistance to the Arts and Manu- 
facturers of their respective countries, as well as to the 
world in general.” 

By way of a conclusion to this account of some Irish 
pioneers in the British alkali industry, some mention 
might be made of a certain Michael Murphy from 
county Clare in the west of Ireland. In the preface to 
Muspratt’s dictionary, a brief reference is made to the 
work done by Murphy in helping to compile it. 

Murphy’s story is a remarkable one of self-advance- 
ment. He began as a youth without any special school- 
ing or training. He travelled on foot from his native 
town to Dublin, a distance of some 150 miles, and 
worked his passage on a boat to Liverpool. In that 
city he got a small job in one of the Muspratt plants. 

He studied privately, and gradually advanced in 
status, with the result that when the College of Chem- 
istry was opened in Liverpool, he took full charge of it 
for a number of years. Almost the whole work of 
editing the dictionary fell on Murphy’s shoulders, and 
it was related that he worked 16 hours a day for two 
full years on the task. In 1877 he built his own factory 
in Liverpool and there made oxide of cobalt. 


19 “Memoir of J. S. Muspratt,” preface to Muspratt, J. S., 
“Dictionary of Applied Chemistry,’’ London, 1860, p. i. 
2” REILLY, D., op. cit., p. 22. 
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PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


* LECTURE DEMONSTRATIONS WITH THE 
NEWER TYPES OF PLASTICS’ 


Suvce the war there have been rapid and spectacular 
developments in the field of plastics. Many of these 
new materials are suited for use at the lecture table and 
can be quickly demonstrated with professional results 
provided intermediate molding powders or prepared 
liquid resins are used. 

The trade names and commercial sources of such 
polymers are included in this article, which has been 
written to serve as an outline that will supply the 
teacher with pertinent information regarding the prop- 
erties, identification, uses, and demonstration prepara- 
tion of typical resinoids. The prices quoted are for 
commercial quantities and are subject to change. 
They have been listed to assist the demonstrator in 
estimating his expenditures. 

The resins to be described include Thiokol, polyvinyl 
chloride, phenol formaldehyde, styrene polyesters, 
ethyl cellulose, and polymethyl methacrylate. They 
have been organized into thermosetting and thermo- 
plastic types which in turn are classified under the gen- 
eral headings of synthetic elastomers and plastomers. 


SYNTHETIC ELASTOMERS 
Thiokol (Thermosetting) 


The need for synthetic rubber materials, called syn- 
thetic elastomers, has spurred the development of sev- 
eral types including Neoprene, Thiokol, styrene-buta- 
diene copolymers, acrylo-nitrile and polyvinyl! chloride 
polymers. Of these, polyvinyl chloride and Thiokol 
may be conveniently used for demonstration. The 
latter, a solvent resisting compound, will be described 
first. Its name, Thiokol, is used in the trade to cover 
the class of polymers derived from ethylene dichloride 
and sodium polysulfide. 

Thiokol is used commercially for weather stripping 
and as a caulking compound. In the latter application 


1 Based on material presented before the Southern California 
Section of the Association on May 25, 1951, at Occidental Col- 
lege. 


R. ELBERT DAVIS 
Plas-Kem Corporation, Burbank, California 


JAMES E. BIBY and L. REED BRANTLEY 
Occidental College, Los Angeles, California 


it can be slushed around inside an airplane wing} sealing 
it and converting it into a gasoline tank. 

Equipment. Beaker, 2 broad-bladed spatulas, bal- 
ance, 100 g. PK 1123? (a dark viscous liquid low. 
polymer Thiokol resin), 20 g. lead peroxide to serve asa 
polymerization catalyst. 

Directions (time, 10 min.). Mix the resin and cat- 
alyst together in the beaker with a spatula. Scrape the 
sticky mass from this spatula onto another one. Re 
move the product from the spatula and work into a 
ball with the hands. After about five minutes of 
kneading, the brown colored ball will lose its sticky 
quality and take on elastic properties which can be 
dramatically demonstrated by bouncing it on the floor. 

Thiokol has a slight but persistent obnoxious odor. 
Since PbO, is poisonous, hands and utensils should be 
kept well cleaned with soap and water. The sticky 
mixture may be removed with acetone. 

Identification. Upon heating, Thiokol decomposes to 
give the odor of rotten eggs. If the fumes are passed 
through barium chloride solution a precipitate will 
form. 

Discussion. At room temperature the lead dioxide 
catalyzes the further polymerization of the low-polymer 
Thiokol to form a solid which at this temperature is an 
elastomer or rubbery-like substance. The mechanism 
of the polymerization involves chain growth and cross 
linking. The polymers are said to be elastomers when 
they exhibit elastic behavior, 7. e., elongation and re- 
covery. During catalysis the lead atom is believed to 
serve as a connecting link between the sulfide end of 
one chain and that of a similar chain. The lead finally 
splits out of the combined chains as PbS, leaving the 
two chain units connected with each other by a sulfur 
atom. Water as well as PbS is formed as a by-product 
of catalysis. 


? Plas-Kem Corp., 100 W. Alameda Ave., Burbank, California. 
(About $2 per Ib.) Note: All other resins mentioned in this 
article may be obtained from Plas-Kem Corp. as well as from the 
manufacturers listed. All prices given are approximate ones. 
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Polyvinyl Chloride (Thermoplastic) 


This compound is potentially the lowest-cost plastic 
of the vinyl resins, which include polyvinyl] acetate, 
polyvinyl butyral, polyvinyl chloride-acetate copoly- 
mer, polyvinyl formal, and polyvinylidene chloride. 
It may be purchased in the form of a coarse white pow- 
der, Geon 101,* or as an extremely fine white powder, 
Geon 121.4 The Geons are high polymers which need 
merely to be plasticized to form a usable plastic. 

The resin is used wherever the requirements are 
toughness, flexibility, high dielectric strength, and re- 
sistance to water, alcohol, and acid. Geon 101 is em- 
ployed in the manufacture of extruded garden hose, 
laboratory tubing, electrical insulation, calendered film, 
flexible molded goods, and linings for acid plating tanks. 
Geon 121, which provides a more uniform mix, is used 
in making dolls, rainboots, simulated leather, and flex- 
ible molds. By impregnating canvas with this resin, 
an acid- and fungus-resistant tarpaulin is formed. 


Geon 101 


Equipment. Small pyrex sauce pan with handle, hot 
plate, shallow metal or enamel pan containing a few 
flat objects such as keys and coins, six-inch spatula, 
balance, 50 g. Geon 101 resin, 200 g. dioctyl phthalate 
(a clear liquid plasticizer of low volatility). 

Directions (time, 15 to 20 min.). With the spatula, 
mix the resin and plasticizer together in a pyrex sauce 
pan over a hot plate at about 175°C. (Avoid spilling 
diocty] phthalate since it will dissolve lacquer on desks 
or tables.) Heat the mixture until it is melted to a 
fluid state, stirring continuously to prevent burning. 
Pour the amber or reddish-colored sirup into a shallow 
dish containing the keys and coins. When solidified 
pull out the translucent rubber-like slab and remove the 
articles. Call attention to the fine detail of the im- 
prints left by the articles upon the surface of the plas- 
tic. This procedure can be used to prepare molds for 
lower-temperature-setting materials such as the phe- 
nolic resin to be described in the section on synthetic 
plastomers. With less plasticizer the product would be 
dryer and would be suitable for molding by pressure. 

Identification. The plastic melts when heated. It 
is flame resistant, however, for it will stop burning when 
removed from a flame. The presence of chlorine may 
be detected by the Beilstein test. 

Discussion. The resinous mixture or plastisol pre- 
pared in this experiment is a colloidal dispersion of the 
resin in the plasticizer, the latter serving as a peptizing 
agent. Heating to 175°C. hastens the conversion of 
the sol to the gel desired as the end product. 


Geon 121 


Equipment. Beaker, hot plate, 150°C. drying oven, 
balance, cavity mold‘ of doll’s head or of some other ob- 


*B. F. Goodrich Chemical Co., Cleveland, Ohio. (Geon 101: 
44¢ per Ib. Geon 121: 46¢ per Ib.) 

* An ordinary metal crucible may be used as a mold. A lead 
mold may be obtained from Plas-Kem Corp. 


ject, basin of water for cooling the hot mold, broad- 
bladed spatula or preferably a '/s to '/,-inch metal rod, 
such as a ring stand rod, to serve as a mandrel, 50 g. 
Geon 121 resin, 50 g. dioctyl phthalate plasticizer. 

Directions (time, 30 to 45 min.). With the spatula, 
mix the resin and plasticizer in the beaker. Heat the 
mandrel and dip it into the mixture or plastisol. If 
the mandrel is at the proper temperature the material 
will jell on the hot surface. The longer the mandrel is 
left in the mixture the more of the plastisol it will pick 
up. For thicker coatings the mandrel may be reheated 
and redipped. After the mandrel is sufficiently coated 
remove it from the plastisol and heat over the hot plate, 
rotating the mandrel until the plastic isset. The rub- 
bery resin may then be slipped off the mandrel and onto 
a finger as a “finger stall.””’ This part of the experi- 
ment takes about 10 minutes and demonstrates the 
physical changes that occur in the plastic if prepared 
at the right temperature. 

To demonstrate the commercial application of this 
material either the mixture prepared above or a com- 
mercially prepared plastisol®’ can be used. The casting 
material prepared above, however, will be softer and 
less durable in appearance than the commercially pre- 
pared plastisol in which there can be a higher concentra- 
tion of the resin due to the efficiency of mechanical mix- 
ing. 

Pour the plastisol into a mold which has previously 
been heated for about 10 minutes at 150°C. Swish the 
material around in order to coat all the interior of the 
mold, and pour slowly to avoid the formation of air 
bubbles. The plastisol immediately in contact with 
the hot inner surface of the mold will jell. The excess 
unjelled material may then be poured out and the 
plastic-coated mold set on the hot plate or in an oven at 
150°C. to bake for approximately 15 minutes. After 
baking, cool the hot mold by immersing in cold water 
for about a minute to prevent distortion. Then the 
elastic fleshy-colored replica may be pealed out. 

Identification. The demonstrations performed with 
Geon 101 are applicable here. A microscopic examina- 
tion of the two Geons will exhibit a noticeable difference 
in the size of the particles. 


SYNTHETIC PLASTOMERS 
Phenol Formaldehyde (Thermosetting) 


This is the most widely used thermosetting resin and 
is one of the pioneer resinoids, universally recognized 
under the trade name, bakelite. Low polymers of 
phenolic resin are available in liquid or solid form.*® 
A fabric base laminated sheet impregnated with phe- 
nolic resin may be heated over a hot plate and bent to 
demonstrate the post-forming technique. Whereas 
phenolic molding materials contain wood flour or as- 


5 Plas-Kem Corp. ($1 per lb.) 

6 Bakelite Corp., New York, N. Y. These are basic resins. 
More suitable for demonstration purposes is the specially pre- 
pared resin referred to in the following experiment as Phenolic 
Casting Resin. 
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bestos fillers other molding materials do not. For the 
experiment to be described, however, a phenolic casting 
resin is employed which contains no filler. 

Phenolic resin is used commercially in compression- 
molded radio and television cabinets, washing machine 
agitators, flat-iron handles, cast statuary, switch and 
electrical components, insulating varnishes, plywood 
adhesives, and laminated table tops. The post-form- 
ing technique of handling laminated materials is widely 
used in the aircraft industry and in the manufacture of 
ammunition boxes. 

Equipment. Beaker, stirring rod, 100°C. oven, mold’ 
or expendable beaker, balance, 85 g. Phenolic Casting 
Resin® (an amber viscous liquid), 15 g. acid catalyst.® 
Directions (time, 30 min.). Thoroughly mix the 
resin and catalyst together in the beaker and pour the 
mixture into the mold. Bake the preparation in a 
100°C. oven for 20 minutes. The hard amber-colored 
casting can be removed forcibly from the mold or by 
breaking the expendable beaker. 

Identification. The heat resistance of the plastic is 
clearly illustrated by its failure to soften or burn in a 
flame. When exposed to the flame, however, the odor 
of formaldehyde is detectable. This is dissipated al- 
most instantly and the more persistent odor of phenol 
may then be smelled. The plastic does not dissolve in 
any solvent. 

This experiment illustrates the formation of a cross- 
linked, thermosetting plastic. 


Styrene Polyesters (Thermosetting) 


A typical styrene polyester such as Paraplex P-43"° is 
composed of a mixture of liquid monomeric styrene and 
a polyester made from diethylene glycol and maleic an- 
hydride. It is used in electrical ‘“‘potting’’ compounds, 
z.€., aS a casting around a coil or electrical circuit to 
hold the components rigidly in place. It is employed 
as a laminating resin with glass mat and glass fabric in 
the production of boat hulls, airplane fuselage tail and 
wing sections, ventilating and heating ducts, and pre- 
fabricated wall sections. It is also used as a resin 
binder in rocket propellent charges. 

Equipment. Beaker, stirring rod, 100°C. oven, flex- 
ible casting mold or expendable beaker, 100 g. resin, 
Paraplex P-43 (a clear yellow liquid), 5 g. benzoyl per 
oxide, a solid catalyst. 

Directions (time, 45 min.). Stir the resin and catalyst 
together in the beaker until the peroxide is dissolved or 
well dispersed. Bake the mixture in a mold in a 100°C. 
oven for 15 to 30 minutes until the substance is solidi- 


7 The mold may be prepared as a flexible casting by the proce- 
dure used in the Geon 101 experiment since the latter is stable at 
100°C. This demonstration resin-made mold may be used or a 
commercial mold may be obtained from Plas-Kem Corp. ($5 
per mold.) 

8 Lebec Chemical Co., 6000 So. Boyle Ave., Los Angeles, 
California. (60¢ per Ib.) 

® 10 per cent HCl may be used. It is recommended, however, 
that a specially prepared acid catalyst be used. Such an acid is 
supplied with the Phenolic Casting Resin mentioned above. 

1 Rohm and Haas Co., Inc., Philadelphia, Pa. (60¢ per lb.) 
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fied. The casting is a yellow, clear, tough plastic, 
Benzoyl peroxide is an explosive and customary pre. 
cautions must be observed in its use. Do not grind or 
heat it other than as directed. 

Identification. When burned the plastic emits 
black sooty flame and a sweet odor, the latter indicat. 
ing the presence of esters; the former, the presence of 
styrene. It is distinguished from polystyrene in that 
it does not melt on heating or dissolve in solvents. 

Discussion. The benzoyl] peroxide is frequently used 
as an oxidation catalyst in polymerization processes, 
In this experiment it acts as a chain initiator. First it 
decomposes to form a free radical, then it adds to an un- 
saturated point on the styrene molecule or on the un- 
saturated polyester molecule to form a new free radical, 
The chain thus started adds styrene or polyester until 
terminated by another free radical or another chain. 


Ethyl Cellulose (Thermoplastic) 


This is made by treating about two-thirds of the hy- 
droxyl groups on the cellulose molecule with sodium 
hydroxide and then etherifying with ethyl chloride. It 
is available as a white granular powder." is used 
as a strippable coating in packaging articles for over- 
seas shipment. Antioxidants may be added. Because 
of its high impact strength it is employed for jigs and 
forming dies, screw driver handles, and flashlight cases. 

Equipment. Stirring rod, pyrex sauce pan with 
handle, hot plate, tapered crucible for a mold, 100 g. 
ethyl cellulose resin C-10 grade or N-10 grade, 100 g. 
castor oil as plasticizer. 

Directions (time, 15 min.). While heating, carefully 
mix the ingredients in the sauce pan on the hot plate, 
stirring continuously until the mixture is well liquefied. 
Pour the sirup into a suitable mold (greased to prevent 
sticking) and allow it to cool. The casting is tough and 
flexible, although not elastic. 

Identification. Ethyl cellulose is unusually stable 
toward heat. Hold a sample in a flame and catch the 
drippings in water. The drippings will still be tough 
and thermoplastic, whereas other cellulose resins would 
decompose under similar conditions. 


Polymethyl Methacrylate (Thermoplastic) 


This thermoplastic polymer is derived from methyl 
methacrylate liquid monomer, which is the methyl es 
ter of the methyl substituted acrylic acid. The poly- 
mer is the most water-clear plastic available and can be 
obtained in sheet form from E. I. du Pont de Nemours 
and Co. or Rohm and Haas Co. Du Pont sells it under 
the trade name, Lucite, while Rohm and Haas call their 
product Plexiglass. It is used in the manufacture of 
cockpit enclosures, nonbreakable windows, street light 
globes, fluorescent lighting fixtures, and dentures. It is 
also employed to imbed biological specimens for dis 
play and preservation. 


11 Dow Chemical Co., Midland, Michigan. (C-10 grade, 
60¢ per Ib.) 

12 Hercules Powder Co., Wilmington, Delaware. 
60¢ per Ib.) 


(N-10 grade, 
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Shaping 

Equipment. Hot plate, a bowl, a sheet of Lucite or 
Plexiglass. 


Directions (time, 10 min.). Heat a sheet of the 
thermoplastic over the hot plate. While hot and flex- 
ible stretch it over an inverted bowl. Hold it in this 
position until it has set. The setting may be hastened 
by immersion in water. The “plastic memory” of 
Lucite may be illustrated by reheating the bowl-shaped 
sample over the hot plate until it softens when it will re- 
turn to its original flat sheet form. 


Imbedding Objects'* 

Equipment. Beaker, stirring rod, 80°C. drying oven, 
balance, a suitable mold such as a Petri dish or expend- 
able beaker, an object to be imbedded such as a crystal 
or mineral sample, 100 g. pure methyl methacrylate, ' 
0.2 g. benzoyl peroxide catalyst. 

Directions (time: mixing time, approximately 15 
min.; curing time, approximately 1 hour for each '/,-in. 
layer). Prepare a cold mix of the ingredients in a 
beaker by dissolving the benzoyl peroxide in the methyl 


13 Special preparation is necessary to imbed biological speci- 
mens. 

‘The commercial monomer may be obtained from du Pont. 
($1 per Ib.) Note: A tertiary butyl] catechol or hydroquinone 
stabilizer is normally present in the commercial monomer and 
must be removed by vacuum distillation or by washing the 
monomer with alkali and drying. 
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methacrylate. Pour a '/,-inch layer of the liquid into 
the mold containing the object to be imbedded and cure 
slowly in an oven at 80°C. Repeat this process, build- 
ing up successive layers until the object is covered to the 
desired depth. 

An alternate method is to prepolymerize the monomer 
to a heavy sirup by heating it in a beaker on a water 
bath over a hot plate and then pouring over the object 
to be imbedded and curing the entire mass at 80°C. in 
one operation. 

The monomer is very flammable and develops exo- 
thermic heat on curing. Therefore, if the monomer is 
used, only small masses should be cured at a time or 
bubbles will develop from the heat of polymerization. 

Identification. Upon heating the plastic the charac- 
teristic sweet odor of the monomer, methyl methacry- 
late, is easily distinguishable. The plastic resinoid de- 
composes in a gas flame to produce the monomer which 
burns with a smooth blue flame. By heating pieces of 
the plastic in a flask the polymer chains are broken to 
yield the monomer which can be recovered by distilla- 
tion, demonstrating the reversal of polymerization. 

Discussion. The monomer or low polymer is con- 
verted by the benzoyl peroxide catalyst to the solid 
high polymer form. Since this product is not cross 
linked, it is thermoplastic and softens around the boil- 
ing point of water. In this experiment the prepara- 
tion of a cold mix of monomer and catalyst was followed 
by a heat cure. A cold cure is possible but very slow. 


* A LECTURE REPRESENTATION OF OXIDATION-REDUCTION 


Many students of elementary chemistry have diffi- 
culty in understanding the concept of oxidation- 
reduction, even in its simplest application to reactions 
which actually form ions. In particular, it seems hard 
for them to comprehend that by the process of acting 
as an oxidizing agent, an atom becomes a reducing 
agent, and vice versa, and that whether or not an atom 
or ion will act as a reducing agent or oxidizing agent or 
neither depends on relative attractions for electrons. 

A very helpful demonstration of oxidation-reduction 
by electron transfer can be presented with the aid of a 
few permanent magnets, of progressively increasing 
strengths, to represent atoms of oxidizing agents, and 
an iron object to represent an electron. For example, 
suppose one has four magnets, differing in strength, the 
strongest representing an atom of fluorine, the next 
strongest representing an atom of chlorine, the next an 
atom of bromine, and the weakest an atom of iodine. 
One may first demonstrate that each atom is capable of 
taking on an electron, and thus acting as an oxidizing 


R. T. SANDERSON 
State University of Iowa, Iowa City, Iowa 


agent, by showing that each of the magnets can pick up 
a nail representing the electron. Pointing out that any 
atom which has taken on an electron can give it up 
again, thus acting as a reducing agent, one can then 
demonstrate that the iodine magnet, after taking 
on an electron to become an iodide ion, can give 
up the electron to the bromine, chlorine, and 
fluorine magnets. Similarly, one can show that the 
fluorine and chlorine magnets but not the iodine 
magnet can take an electron away from the bro- 
mine magnet, and that only the fluorine magnet can 
take the electron away from the chlorine magnet. In 
such a manner the relative oxidizing strengths of the 
halogen atoms and the relative reducing strengths of 
the halide ions can be demonstrated by an analogy 
which is easy for the student to understand and to ex- 
tend to oxidation-reduction reactions in general. 

Magnets can easily be adjusted to the desired relative 
strengths by gluing a very few thicknesses of thin paper 
or Scotch tape over the ends. 
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Wirx Donald C. Gregg of the University of Vermont, 
Burlington, Vermont, and William S. Huber of the 
Rhode Island School of Design, Providence, Rhode 
Island, as co-chairmen, the Thirteenth Summer Con- 
ference of the New England Association of Chemistry 
Teachers met at the University of Rhode Island, 
Kingston, Rhode Island, August 20-25, 1951. Presi- 
dent Carl R. Woodward of the University of Rhode 
Island, who welcomed the conference to the campus, 
called attention to the fact that this was the first 
group to use the new chemistry building. It was 
later occupied by classes for the first time during 
September. The conference was similar to previous 
ones in the high quality of the speakers, the free and 
even heated discussion of papers and the relaxed en- 
joyment of the splendid facilities of the university and 
surrounding vacation areas. On the other hand, 
each conference is sufficiently different to maintain 
the interest of members and their families, many of 
whom return year after year. 

The list of those who have attended all of the 13 
Summer Conferences remains unchanged this year: 


Mr. and Mrs. Grover Greenwood, Bridgeport, Con- 
necticut. 

Mr. and Mrs. 8S. Walter Hoyt, Belmont, Massachusetts. 

Alfred R. Lincoln, Williamsett, Massachusetts. 

Evelyn 8. Murdock, Stonington, Connecticut. 

Elsie S. Scott, East Northfield, Massachusetts. 

John R. Suydam, Southboro, Massachusetts. 

Elbert C. Weaver, Andover, Massachusetts. 


Of the 204 registrants, almost exactly one-third 
were from outside New England. The 129 members 
attending came from the following areas: New 
England States, 96; New York, 15; Maryland, 6; 
Pennsylvania, 4; New Jersey, 3; Virginia, 2; and one 
each from Ohio, Indiana, and Quebec. 

In addition to the papers presented by individual 
speakers from many colleges and several industries, 
two symposia were presented. The first was con- 
cerned with the Content of the General Chemistry 
Course, with Laurence 8. Foster, Watertown Arsenal 
Laboratory, and Dorothy W. Gifford, Lincoln School, 
discussing the secondary-school course, and _ with 
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John E. Cavelti, Allegheny College, John A: Timm, 
Simmons College, and Roland M. Whittaker, Queens 
College, discussing various types of courses at the 
college freshman level. The second symposium, ar- 
ranged by Elbert C. Weaver, Andover Academy, took 
the form of a workshop on Pupil Participation in 
Classroom Demonstrations. The Chemistry Depart- 
ment at the University of Rhode Island graciously 
opened the stockrooms to provide the teachers with 
chemicals and equipment for the demonstrations and 
the conferees performed both as demonstrators and as 
pupil participators. The most ingenious demonstra- 
tion showed how a “neutron”’ (a free running half-back 
professor) could pass through atoms made up of whirling 
and rotating ‘‘electrons” (lady teachers) surrounding 
dense “nuclei” (left to the reader’s imagination) 
without colliding with anything most of the time. 

The Exhibit Committee, headed by George Deckey, 
Rhode Island School of Design, succeeded in securing 
numerous interesting collections of books, apparatus 
and literature. Ralph Di Mattia, Grover Cleveland 
School, Dorchester, Massachusetts, projected a fine 
collection of industrial motion pictures. 

The social hours, following the evening meetings, 
were enlivened by a demonstration of parlor magic 
by Dean Woodward of the University of Rhode Island 
and a showing of colored lantern slides by NEACT 
President Helen W. Crawley of the Walnut Hill School, 
taken on a trip to the West Coast. At the social 
hour on Friday night, the William F. Ehrets of New 
York University, who had just returned from a year 
at the University of Hawaii, entertained the group. 
Mrs. Ehret and their daughter, Elizabeth, gave two 
native dances while Professor Ehret took the group 
ona trip around the Islands (in natural color). 

The customary Wednesday picnic was a repetition 
of the successful one last year, featuring Rhode 
Island quohaug chowder engineered by Clinton S. 
Johnson and sweet corn grown and cooked by Bernard 
Jurale. Rhode Island lobsters from nearby Galilee 
were also provided. 


MINUTES OF THE ADJOURNED ANNUAL MEETING, 
AUGUST 22, 1951 


The meeting adjourned sine die on May 12, 1951, 
was reopened by the President, Helen W. Crawley, 
at 11 a.m. 

The following report of the Treasurer, Carroll B. 
Gustafson, was accepted : 


Balance on hand, 8/11/50 $1, 126.70 
Income for the year 1950-51 2,075.30 

$3 , 202.00 
Expenditures, 1950-51 1,754.79 
Balance on hand, 8/11/51 $1,447.21 


The secretary reported for the Membership Com- 
mittee the election of the following new members 
since the May meeting: 


Edith N. Evans, Head of English Department and Teacher of 
Chemistry, Oxford School, Hartford, Connecticut. 


William P. Galvin, Chemist, Watertown Arsenal Laboratory, 
Watertown, Massachusetts. 

Thomas R. P. Gibb, Jr., 12 Hereford Road, Marblehead, Mas- 
sachusetts. 

Mrs. James E. Sague, Professor of Chemistry and Chairman of 
Department, Vassar College, Poughkeepsie, New York. 

Robert E. Schaffrath, Instructor of Chemistry, New England 
College, Hillsboro, New Hampshire. 

Morton Jay Zerder, In charge of Science, Walter Hervey Junior 
College, 15 West 63rd Street, New York 23, New York. 
New members admitted in connection with the 

Summer Conference are: 


Henry H. Baker, Jr., Professor of Chemistry, U. 8. Naval Acad- 
emy, Annapolis, Maryland. 

W. Lawson Batty, Jr., Sales Representative, Mallinckrodt 
Chemical Works, New York, New York. 

Mrs. William Brauner, 15 Benton Street, Wellesley 81, Mas- 
sachusetts. 

John E. Cavelti, Professor of Chemistry and Department Head, 
Allegheny College, Meadsville, Pennsylvania. 

Paul F. Davis, Department of Science, Bellows Falls High School, 
Bellows Falls, Vermont. 

Mrs. Alice Howe, Science Instructor, Concord High School, Con- 
cord, Massachusetts. 

George R. Laurence, Box 863, Chatham, Massachusetts. 

Harold A. Miner, Science Instructor, Northboro High School, 
Northboro, Massachusetts. 

W. Donald Pennington, Associate Professor of Chemistry, U. 8. 
Naval Academy, Annapolis, Maryland. 

Theodore M. Peterson, Teacher of Chemistry, Jamestown High 
School, Jamestown, New York. 

Ida B. Routh, Teacher of Chemistry, Bryant High School, Long 
Island City 3, New York. 

Helen A. Sperry, Science Teacher, The Beard School, Orange, 
New Jersey. 

Angela M. Trovato, Chemistry and Biology Teacher, Robinson 
Seminary, Exeter, New Hampshire. 

Anna Vafiades, Laboratory Assistant in the Physical Sciences and 
General Science, Long Island City High School, New York. 

Thelma G. Voss, Chemistry Teacher; *Woodbury High Sehool, 
Woodbury, New Jersey. 


The Secretary reported that the organization had 
a membership of 522 on May 12, 1951, and that now 
the membership stands at 533. 

Upon motion it was voted to extend the thanks of 
the Association to William S. Huber and Donald C. 
Gregg for their services as co-chairmen of the 13th 
Conference, to Clinton 8. Johnson and Bernard Jurale 
for making the picnic a success, and to W. George 
Parks and the University of Rhode Island for facili- 
tating the success of the Conference. 

The President announced that Marco Scheer, Nashua 
High School, Nashua, New Hampshire, and William F. 
Ehret of New York University would act as Co-chair- 
men of the 14th Summer Conference, to be held at 
the University of Vermont, the third week in August, 
1952. Dr. Ehret is to be Chairman of the Program 
Committee. 

The places and dates for the five division meetings 
for the year 1951-52 were announced: 


October. 13, 1951, Manchester Central High, Manchester, New 
Hampshire. 

December 8, 1951, Brookline High School, Brookline, Massa- 
chusetts. 

February 9, 1952, Brown University, Providence, Rhode Island. 
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April 12, 1952, Deerfield Academy, Deerfield, Massachusetts. 
May 10, 1952, College of the Holy Cross, Worcester, Massa- 
chusetts. 


Mr. S. Walter Hoyt, Chairman of the Necrology 
Committee, offered the following resolution on the 
death of Gorham W. Harris, which was voted: 


Wuereas: Death has taken Gorham W. Harris, a member 
of the New England Association of Chemistry Teachers since 
1921 and an honorary member since 1949. 

BE IT RESOLVED: that our members gathered at their 13th Summer 
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Conference at the University of Rhode Island do hereby testify 
to the outstanding character of the work of Professor Harts 
as a teacher of chemistry at Simmons College, at Radeliff 
College, and at the Harvard Summer School, and his work ag a 
incorporator and Executive Committee member of the North. 
eastern Section of the American Chemical Society, and 

BE IT FURTHER RESOLVED: that the sympathy of the Association 
be tendered to his family, that a copy of these resolutions be sent 
to his wife and that a copy of these resolutions be entered upon 
the records of the Association. 


LEALLYN B. Crapp, Secretary 


To the Editor: 


In connection with the article by Mathews! on the 
construction of electric flask heaters, your readers 
may be interested to know of a somewhat similar 
method of construction which was described by the 
writer in 1949.2 The chief points of difference are 
that the elements are wound on asbestos string which 
is in turn wound onto the inverted flask and plastered 
with asbestos lagging pulp, and secondly, in the place 
of cans ordinary flower pots are used. These have the 
advantage of being nonconducting and because of 
their tapered bases they can be fitted into the ordinary 
ring supports. 

The method of construction is not limited to single 
flask heaters, but has also been used for a bath for 
eight Soxhlet units. 

A limited number of reprints of the paper cited are 
available for any who care to write for them. 


M. 8S. 


NEWMARKET, AUCKLAND 
New ZEALAND 


To the Editor: 


While teaching sophomore quantitative analysis 
during the past several years, I have noticed a peculi- 
arity about the commonly used 50-ml. Exax burets. 
I have been wondering if others among your readers 
might either confirm or deny my observations. 

Each year I have the students calibrate their burets. 


1 MatHews, FREDERICK, J. Cuem. Epuc., 28, 258 (1951). 
2? BuTianp, M.S., J. New Zealand Inst. Chem., 13, 53 (1949). 
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Student calibrations, especially at the beginning of 
the year, are notoriously unreliable. Nevertheless, 
a striking regularity is revealed from some hundreds 
of calibrations. The over-all corrections to the burets 
are always positive (correction to be added to the 
nominal volume to obtain the true volume). The 
huge bulk of the burets show over-all corrections of 
+0.05 to +0.10 ml. with a few showing corrections 
of +0.15 ml. or a little more. I have checked a fair 
number myself, especially if a student has obtained 
a negative correction. I have never been able to 
substantiate such a result. Never in my memory 
have I found an Exax buret with a negative correction. 
This result surprises me considerably since normal 
manufacturing error should be distributed more ot 
less symmetrically about the true value. 

Incidentally, the calibrations were made in the usual 
way by weighing the delivered water. Since room 
temperature usually runs between 20° and 25°C. and 
the water used usually is a degree or so below room 
temperature, a fixed factor, 1.003, was used to con 
vert the observed weights to true volumes. This 
considers both the absolute density of water and an 
air buoyancy correction. 

The above results have been communicated to the 
Kimble Glass Company and they have kindly expressed 
interest and an intention to check at the manufacturing 
end. 


D. F. SwineHArt 
UNIVERSITY OF OREGON 
EvuGENE, OREGON 


To the Editor: 


In the September, 1951, issue of the JoURNAL OF 
CHEMICAL Epucation, Mr. Milton G. Wolf of James 
Madison High School, Brooklyn, New York, wrote 
a letter to the Editor in which he made known thal 
upon attempting to dissolve selenium in olive il 
aided by heat, he obtained later a solid material 
He also stated that he was uncertain about the com 
position of this solid, and would welcome comment. 

It seems quite possible that what he has obtained 


of nitr 
esterific 
(which 
isomer 
temper 
formati 
It se 
combin 
fashion 
thereby 
acid, 
structu 
In v 
reactiol 
about 


To the . 

West 
in cont 
teachin 
the fey 
knowle 


Rae S 
College, 
phia, 19 
$4.50. 


A NEV 
be justif 
type of t 
likely he 
Matter s 
this is n 
inevitab) 
do not o 
tional—t 
This rev 


is the ¢ 
is the 
normal 
cipal fi 
— 
y 
; 
! CoLLo 
Sa 
| 


ing of 
heless, 
ndreds 
burets 
(oO the 

The 
ons of 
ctions 
a fair 
tained 
ble to 
emory 
ction. 
.ormal 
ore or 


usual 
room 
>. and 
room 
Con 
This 
nd an 


to the 
essed 


turing 


[ART 


AL OF 
James 
wrote 
that 
re oll, 
terial. 
COM> 
ent. 

tained 


DECEMBER, 1951 


is the trans state of the oleic triglyceride instead of the 
normal predominating cis state. Oleic acid is the prin- 
cipal fatty acid in olive oil. It is well known that 
treated under proper conditions with certain oxides 
of nitrogen, oleic acid (either as a free acid or in the 
esterified state) will transform itself from the cis isomer 
(which is liquid at room temperature) to the trans 
isomer which is a solid. It may be that, at higher 
temperatures, selenium may also catalyze this trans- 
formation. 

It seems again possible that the selenium may have 
combined chemically at the double bond in permanent 
fashion (thus destroying the double bond as such) and 
thereby creating something structurally akin to stearic 
acid, or a cross-link arrangement leading to a polymer 
structure. 

In view of the fact that Mr. Wolf states that the 
reaction was carried out at high temperature (probably 
about 600°-700°F.) each of the above alternatives 
may have occurred, together with other possibilities 
such as air oxidation, etc., all of which would be likely 
tolead to solid endproducts from oleic esters. 


Joun P. Farrrax 
CoLLoIpAL Propucts CORPORATION 
San Francisco, CALIFORNIA 


To the Editor: 

West (J. Comm. Epvuc., 28, 437 (Aug., 1951)) states, 
in connection with the use of molecular weights in 
teaching quantitative analysis, that “. . . this is one of 


the few places were it seems safe to assume prior 
knowledge.”’ 


e BASIC ORGANIC CHEMISTRY 


|. Rae Schwenck and Raymond M. Martin, Sacramento Junior 
e, Sacramento, California. The Blakiston Co., Philadel- 
ix + 323 pp. 44 figs. 14 tables. 16 X 23.5 cm. 


A NEw book in elementary organic chemistry must certainly 
be justified in this day. For the teacher can select almost any 
ype of text from the large number presently available, and most 
likely he will find one that neatly fits his idea of how the subject 
matter should be presented. When an instructor believes that 

is not the case, or if he feels he is in a unique situation, he 
inevitably becomes an author. Although Schwenck and Martin 


do not offer a new organization—their order of topics is conven- 
tional—they do write with the junior college student in mind, 
reviewer with many years of experience in the field of junior 
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The experience of the present writer is entirely 
different. I have found that students come into 
quantitative analysis with very hazy, incomplete, 
or even decidedly incorrect concepts of molecular 
weight. One of the most common misconceptions 
is the mistaken idea that molecular weights can be 
obtained by adding the atomic weights indicated by 
a chemical formula—any kind of chemical formula. 
On the contrary, this method can be used only if the 
formula is a molecular formula. Adding the atomic 
weights represented by an empirical formula does not 
give a molecular weight. The only formula known for 
any salt or other electrovalent compound is the em- 
pirical formula, and molecular formulas are not known 
for such compounds. It is impossible to measure 
the molecular weight or to calculate the molecular 
formula of a salt or other electrovalent compound by 
any means whatsoever, because such compounds 
consist of zons, not molecules. Indeed, the concepts 
of “molecule” and “molecular weight” of electrovalent 
compounds is completely meaningless. No rational 
definition of either molecule or molecular weight can 
possibly have any significance when applied to elec- 
trovalent compounds. 

The illogical and incorrect concept of “molecular 
weight of salts” is held by so many students in quan- 
titative analysis that I am led to the suspicion that 
it is not entirely the students’ fault. It is quite pos- 
sible that they have learned these illogical ideas from 
some of the commonly used textbooks. 


J. C. HACKNEY 
INDIANA UNIVERSITY 
East Cuicaco, INDIANA 


college education feels that these students do need texts more 
clearly written but not less meaty. To this end “Basic Organic 
Chemistry” can be justified. Yet many students in all types 
of universities and colleges, as the preface states, are frustrated 
by the newness of the field and their inability to correlate princi- 
ples of general and organic chemistry; above all they are dis- 
concerted by the “‘Babel-like confusion of language arising from 
the indiscriminate use of different systems of nomenclature.” 
“Basic Organic Chemistry” is written for a one-semester course; 
. it is not a ‘boiled-down’ edition of a text prepared for chem- 
istry majors.” In fact it caters to the periphery fields of home 
economics, engineering, medicine, etc. Practically all hand- 
book data are omitted. Each chapter has its ‘‘Chapter pro- 
logue,”’ major discussion, and then where applicable a ‘Reaction 
summary,”’ a chart covering about half a page. 
Six types of formulas are given in the first chapter on carbon. 
This is followed by chapters on alkanes, alkenes and alkynes, 
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haloalkanes, alcohols, ete. In the eleventh chapter, the carbo- 
hydrates, a very useful feature is noted, every mono- and di- 
saccharide has both the straight-chain and ring formula side by 
side. Now the authors feel the student is ready for nomencla- 
ture, which is the title of chapter twelve. Aromatic chemistry 
is covered in the next four chapters. The book concludes with: 
“Heterocyclic compounds,” ‘Industrial developments in 
organic chemistry,” “Biological developments in organic chem- 
istry,” and “Organic reactions in vital processes.” What is in 
reality a twenty-first chapter, for it follows the format of pre- 
vious ones but is included in the appendix, is ‘“‘Warfare develop- 
ments in organi¢ chemistry.” The index completes the book. 


O O 
It is of interest to note that sf and N¢ are used in the 
No 


O 
first part of the book, but in aromatic compounds s¢ and 

No 

that hydrogens attached to carbons alpha to a carbonyl group 
are more labile than other hydrogens. The same representation 
is found in other books; however, it seems best to confine the 
use of the arrow to signify coordinate covalent bonds. Some 
other points noted for improvement again apply to other texts 
as well. Symbols for carbon should be more pronounced than 
those for hydrogen and the valence lines should be shorter. This 
will enable students to make visual pictures of isomers more 
easily. Wurtz reactions can be used to make uneven numbered 
alkanes; and most important of all, treatment of a primary amine 
with nitrous acid is the poorest possible method for preparing 
primary alcohols. 
The authors have fulfilled their objectives rather well and have 
given the students and teachers a book that is readable, teach- 
able, and can be nicely completed in one semester. A good 
balance is kept between aliphatic and aromatic chemistry as 
well as between industrial and biological applications. Teachers 
who have classes predominantly of nonchemistry majors would 
do well to give this book consideration. 


appear. On page 85 the arrow is used to show the fact 


ARTHUR FURST 
San Francisco City 
San Francisco, CALIFORNIA 


SCIENCE FRENCH COURSE 


C. W. Paget Moffatt. Revised by Noel Corcoran. Fourth 
edition. University Tutorial Press, Ltd., London; Chemical 
Publishing Co., Inc., New York, 1951. viii + 332pp. 12.5 x 19 


cm. $4.75. 


Tuat this is a good text of its kind is attested by its passage 
into a fourth edition. The elements of French grammar, em- 
ploying some scientific terms in the examples, occupy 91 pages. 
Then follow 24 brief nontechnical essays on miscellaneous topics 
ranging from the seasons to fishing in Iceland. Of the selections 
from journals and B.Sc. papers physics gets 56 pages, chemistry 
32, and some other sciences smaller space. 

Apparently about the only change in this edition is the adding 
of some 150 words to the vocabulary, which, however, is still 
incomplete. Some of the terms noted in the chemical section 
but not in the vocabulary are benzénique, brome, bromuration, 
cyanure, diazoique, eaux-méres, étalonner, filtrer, groupement, 
huileux, iodé, iodure, revétement. (One must admit, by way of 
excuse, that a complete vocabulary in a foreign-language reader 
is an exception.) The survey of grammar is well handled and 
the printing is attractive. 

One may ask, of what value is such a course? Its announced 
purpose is “to provide students who have to read French books 
on scientific subjects with the necessary minimum of grammar 
and a selection of extracts from which a little preliminary prac- 
tice may be obtained.” It does just that, but the claim on the 
jacket, ‘This book enables students without any previous know]l- 
edge of the language to read French scientific and technical litera- 
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ture,” is not justified. The reviewer’s experience with “scieng 
readers” for science majors has been disappointing. This one 
may provide pleasant reading for a student who wishes practice 
in French and who is interested in science, but it will give him 
only a smattering of scientific terms. The difference betwee 
ordinary and scientific French lies in the technical vocabulary of 
the latter. As a rule, a science student who has French articles 
or books to read has a main interest in a particular branch of 
science. For him, in the writer’s opinion, a ‘“‘science French 
course” would be largely a waste of time. He had better secure 
a foundation in general French and then get down to the French 
of his specialty. In this way he will be improving his genera] 
knowledge of the language and at the same time acquiring ap 
adequate technical vocabulary in a particular subject. This 
vocabulary can of course be extended to other scientific subjects 
as occasion warrants. The same considerations apply to the 
study, as a tool subject, of German or any other foreign language. 


AUSTIN M. PATTERSON 


ANTIOCH COLLEGE 
YELLow Sprinas, Onto 
e PLASTICS, SCIENTIFIC AND TECHNOLOGICAL 
H. R. Fleck. Third edition. Temple Press, Ltd., London, 195], 
xv + 4l4pp. 76figs. 14.5 X 22.5cm. 


THE new edition of this standard text is a welcome addition 
to our growing literature on plastics. It continues to be a bal 
anced summary of plastics information up to 1949, with special 
reference to the British position. 

After a very cursory survey of raw materials and theoretical 
principles, the book treats the chemistry of plastic materials in 
more detail. Laboratory procedures are given. Fourteen 
pages are devoted to the manufacture of plastics, and 69 pages 
to physical properties. Chapters follow on “Synthetic resins,” 
“Synthetic fibers and textiles” (which is particularly inadequate 
and obsolete), “Adhesives and plywood,” ‘Moulding tech- 
niques,” and “Chemical analysis and testing.” 

Very little material in this book cannot be found in other 
more detailed, and more modern, references. The primary at- 
traction of this book is that it is a bound compilation which can 
serve as an “‘additional’’ reference. The U. 8S. book literature 
has been so abundant since the previous editions of this volume 
that it has lost much of its attractiveness and value. It is 
recommended to libraries and technical men who should have 
all the books on plastics published here and abroad. 


ROBERT S. ARIES 
PotytTecunic INSTITUTE 
Brooktyn, New York 


e HETEROCYCLIC COMPOUNDS. VOLUME I: Three; 
Four-, Five-, and Six-Membered Monocyclic Compounds 
Containing One O, N, and S Atom 


Edited by Robert C. Elderfield, Columbia University. John 
Wiley & Sons, Inc., New York, 1950. vii + 703 pp. 4 figs. | 
table. 4 charts. 15.5 X 24cm. §$ll. 


Tuis is the first volume of a proposed series concerned with 
the chemistry of heterocyclic compounds. The editor of this 
series has recogrized and has stated in his preface that “...4 
definite need existed for a detailed treatment of the chemistry 
of these interesting compounds which would concentrate on the 
chemical principles involved rather than attempt to give a 
encyclopedic coverage of the field.” 

Apparently, the present volume begins an attempt to fulfill 
this stated need by providing a series of critical reviews, each 
of which is to deal with one or more heterocyclic ring systems. 
This first volume contains separate discussions of the following 
topics: Ethylene and Trimethylene Oxides (60 pages), Ethyl 
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eeimine (17 pages), Derivatives of Azete (41 pages), Furan 
(99 pages), The Chemistry of Thiophene (69 pages), The Chemis- 
try of Pyrrole and Its Derivatives (66 pages), Monocyclic Pyrans, 
pyrones, Thiapyrans, and Thiapyrones (54 pages), The Chemistry 
of the Pyridines (220 pages), and Piperidines and Partially 
Hydiogenated Pyridines (60 pages). Thus all of the ring sys- 
tems indicated in the title except the three- and four-membered 
rings containing one sulfur hetero atom have been covered. 
This omission is justified because of the very small amount of 
published information concerned with these heterocyclic sulfur 
compounds. The number of pages allotted to each of the various 
other topics probably represents an attempt to rank the impor- 
tance of the various heterocyclic systems according to amount of 
published information available and according to present research 
interest. For example, 88 references to books and journal arti- 
des are listed in the 41-page chapter concerned with the deriva- 
tives of azete, while 285 references to similar sources are given 
in the 54-page chapter entitled ‘“Monocyclic pyrans, pyrones, 
thiapyrans, and thiapyrones.” Derivatives of azete have be- 
come important recently because of the discovery that a B-lactam 
fing is present as part of the fused ring system of penicillins. 
for this reason and in spite of the actual number of publications 
concerned, derivatives of azete are worthy of the relative number 
of pages permitted them in this volume. The scope of the 
chapter concerned with azete and its derivatives, however, does 
not include actual discussion of penicillins or other compounds 
with azetidine rings as part of a fused ring system. 

Although the two chapters concerned with pyridines, piperi- 
dines, and partially hydrogenated pyridines have been written 
by the same author, each of the other chapters has been written 
by a different author or pair of authors. There has been little 
attempt to relate the material of one chapter with that of the 
others. The reader will seek in vain for adequate comparisons 
of the heterocyclic systems. For example, any detailed treat- 
ment of heterocyclic compounds which proposes to ‘‘concentrate 
on the chemical principles involved”’ might well include a dis- 
cussion of the dependence of chemical reactivity of heterocyclic 
compounds on the nature of the hetero atom, whether oxygen, 
sulfur, or nitrogen. 

The multiple authorship has also caused some irregularities 
inthe scope of each chapter. For example, the chapter concerned 
with azete and its derivatives contains extensive material on 
#lactams, while the chapter on ethylene and trimethylene oxide 
omits discussion of §-lactones. Although biotin and related 
work with tetrahydrothiophenes is allotted a total of 27 pages in 
the chapter entitled ‘“The chemistry of thiophene,” only slight 
attention is given to the important reduced furans and to pyrrol- 
idines in the chapters concerned with these ring systems, Fur- 
ther, the molecules of most alkaloids and many other natural 
products have heterocyclic rings. With the exception of the 
extensive discussion of the structure elucidation and syntheses 
of biotin, such natural products are discussed only when they 
erve to illustrate important points of heterocyclic chemistry. 

In spite of the fact that it is not the aim of this volume to 
provide exhaustive bibliographies concerning the various hetero- 
cyclic ring systems, it is obvious that the chemical literature has 
been carefully covered and reference made to the important 
sources of chemical information. The pertinent patent literature 
ems to have been covered. For example, of. the 800 literature 
references in the chapter entitled “The chemistry of the pyri- 
dines,” 67 direct attention to patents. 

A useful, well-organized, 27-page index has been included. 
This is largely an index of compounds and the ‘nomeclature used 
8 that discussed at the beginning of each chapter. With a few 
exeeptions, this nomenclature follows the recommendations of 
Chemical Abstracis. It may be noted here, however, that the 
me has come to stop using such names as pyromucic acid in 
place of the simpler and more meaningful 2-furoic acid merely 

they have been used in the older chemical literature. 
n the other hand, dehydroacetic acid may still be preferred 
The fine quality 
of the binding and paper as well as the excellence of the typog- 
taphy, especially in the presentation of structural formulas, is in 
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keeping with the publisher’s usual high standards in such matters 
There are only a few typographical errors. This reviewer does 
not agree with the simple explanation given on page 152 for the 
peculiar orientation observed during various alkylation reactions 
of furfural. This is clearly an example of a ‘wild flight of theo- 
retical speculation”’ which the editor has promised in his preface 
to avoid. 

On the whole, this book is an excellent contribution to the 
chemistry of organic heterocyclic compounds. It will be very 
useful as a textbook for students in the increasing number of 
graduate chemistry courses concerned entirely or partly with 
organic heterocyclic compounds. Use of this book will also 
mean a great saving in time to teachers of such courses. It may 
be expected with confidence that this series of critical reviews 
will stimulate considerable research in an already rapidly ex- 
panding branch of organic chemistry. Chemists actively en- 
gaged in research with one heterocyclic system will probably 
benefit greatly by studying the discussions of the other systems. 
It seems worthy of note, however, that considerable duplication 
of effort may result by continued publication of this series and a 
similar series entitled “The Chemistry of Heterocyclic Com- 
pounds,” now appearing from Interscience Publishers with A. 
Weissberger as editor. 


EARL C. SPAETH 
UNIVERSITY OF CONNECTICUT 
Storrs, Connecticut 


e ESSENTIALS OF CHEMISTRY 


Alfred B. Garrett, Joseph F. Haskins, and Harry H. Sisler, 
Department of Chemistry, The Ohio State University. Ginn and 
Co., Inc,, Boston, 1951. vi + 569 pp. Illustrated. 16.5 X 24 
cm. $5. 


Tuis book is aimed at answering the question: ‘What shou!d 
a student gain from the study of science that will make him a 
happier, better-informed citizen of his community?” It is in- 
tended for use in a beginning course which is also a terminal 
course in chemistry. 

The contents are organized into eight units: ‘The materials 
of which the world is made,” “The components of the atmos- 
phere,” ‘‘The states of matter,” “The material of the earth’s 
crust,”’ “Radioactivity and atomic structure,” “The periodic 
system: the families of the elements,’ “Organic chemistry: 
the chemistry of the compounds of carbon,” and ‘“The chemistry 
of everyday life.” 

Much of the usual material on writing chemical equations is 
included in an extensive appendix together with a discussion of 
arithmetical methods. This is consistent with the general tenor 
of the book which avoids a heavy accent on problem working, 
yet the more fundamental problems of molecular weight deter- 
mination, stoichiometry, and volume relationships are all intro- 
duced so that each student using the book will be well acquainted 
with the necessity of exact quantitative work in the physical 
sciences. However, the general accent on qualitative compre- 
hension of principles avoids the common error of attempting to 
make all beginning chemistry students into proficient calculators. 

Most of the material is presented by stating the applicable 
theory and then showing how the facts support it. The authors 
have done an excellent job of selecting for discussion facts and 
processes which the student already knows in a general way or 
which he will undoubtedly meet in the present world, and the 
economic and social implications of advances in chemistry are 
effectively iJlustrated. To each chapter is appended a descrip- 
tion of pertinent film strips and movies, a supplementary reading 
list, and a set of problems. 

Potential users of the text will probably be strongly swayed in 
their judgment by the relative accent on inorganic and organic 
chemistry. Such old standbys of inorganic chemistry as the Sol- 
vay process, the Lead Chamber process and the Contact process 
rate only 30 lines all together, which will shock some teachers, 
particularly when they note that over one-quarter of the book is 
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devoted to organic chemistry. Yet this redistribution of space 
is certainly consistent with so-called “everyday chemistry” in 
the present world. 

Liberal use of bleed printing of pictures, wash drawings, and 
sketches of atomic and molecular models gives an exceptionally 
pleasing format. Not only is the eye-appeal increased, the figures 
are well chosen and, with few exceptions, replace a great many 
words. A clear style of writing, well chosen vocabulary, and 
narrative continuity combine to give a fruitful source of know]- 
edge for those whose training in chemistry will end here. It is 
too much to hope that each student using this book will, as a 
result, be happier, but he should be better informed. 


J. A. CAMPBELL 
OBERLIN COLLEGE 
OBERLIN, OHIO 


€ ADVANCED ORGANIC CHEMISTRY 


Reynold C. Fuson, Professor of Organic Chemistry, University of 
Illinois. John Wiley & Sons, Inc., New York, 1950. x + 669 pp. 
16 X 24cm. $8. 


In THE author’s words, ‘“This book is designed for the use of 
students who have had an introduction to organic chemistry and 
seek a mastery of the fundamentals of the subject. The author 
believes that the primary problem of the advanced student is not 
the acquisition of extensive knowledge of the many specialized 
fields of organic chemistry but rather the intimate aquaintance 
with facts and theories which is essential to success in research. 
Accordingly he has sought to bring together those features of the 
subject that constitute the least common denominator of the 
permanent equipment of investigators in the field.” 

The treatment is well adapted to the needs of advanced under- 
graduate and beginning graduate students, being neither encyclo- 
pedic nor merely a slight expansion of an elementary text. Ali- 
phatic and aromatic chemistry are intermingled with a satis- 
factory balance between the examples taken from each branch. 
The gross organization of the book is not conventional, for 
it is the author’s opinion that students will learn more by re- 
examining the facts in an unfamiliar context, and this is probably 
true. The chapter titles are: ‘1. Introduction,” ‘2. Cleavage 
of carbon-carbon bonds,” “3. Aliphatic substitution,” ‘‘4. Car- 
bon-carbon multiple bonds,” ‘5. Hydroxy compounds,” ‘‘6. 
Halogen compounds,” ‘7. Organometallic compounds in syn- 
thesis,” “8. The ether linkage,’ “9. Carbon monoxide in syn- 
thesis,” Derivatives of carboxylic acids,” “11. Oxidation,” 
“12. Hydrogenation, dehydrogenation, and hydrogenolysis,’’ 
“13. Substitution in the aromatic series,” ‘14. Alkylation of 
aromatic compounds,” ‘15. Acylation of aromatic compounds,” 
“16. Carbonyl compounds,” ‘17. Ring closures involving con- 
densation of carbonyl] groups with aromatic nuclei,” “18. Active 
methylene compounds,” ‘19. Conjugate addition,’ ‘‘20. Nitro, 
nitroso, and oximino compounds,” ‘‘21. Amines and amino com- 
pounds,” ‘‘22. Azo and diazo compounds,”’ “23. Organic sulfur 
compounds,” ‘‘24. Aromatic character,’’ and ‘‘25. Polymeriza- 
tion.” Although the selection of topics is excellent, the implica- 
tion that they ‘‘constitute the least common denominator of the 
permanent equipment of investigators in the field” should not 
be taken too seriously. 

The specific examples discussed under each topic are, perhaps, 
less carefully chosen, although they do serve the purpose reason- 
ably well. Largely, they are items either that have been in re- 
cent journal articles or that are in “Organic Syntheses,’ which 
obviously was combed in detail, for the text abounds with ex- 
amples taken from it. 

The treatment is definitely more descriptive than theoretical. 
Both the statement from the preface quoted above and the pro- 
motional material issued by the publisher seem to give the im- 
pression that the book contains more of the theory of organic 
chemistry than it does. The publishers would do better to advise 
all serious advanced students to buy also their other ‘“Advanced 
Organic Chemistry” by Wheland. A careful study of the two 
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books would give such students a fairly well-balanced idea of the 
present status of organic chemistry, and would even put them op 
the road toward acquiring that “intimate acquaintance with faets 
and theories which is essential to success in research.” The 
theoretical materia! that is interspersed in the present volume 
will often only puzzle the students for whom this book is intended, 
since the usual first course in organic chemistry will not haye 
given them enough background to understand it without further 
elaboration. 

The nomeclature of organic compounds is completely neglected, 
in spite of the obvious fact that a knowledge of systematic nomen. 
clature is a very important, although possibly small, part of the 
“Jeast common denominator of the permanent equipment of 
investigators in the field.” 

The book is moderately well documented, averaging somewhat 
more than one footnote reference per page. In addition there 
are at least an equal number of references to ‘‘Organic Syntheses” 
and a few to the three other sources that are cited in the body of 
the text rather than in footnotes. 

The coherence leaves something to be desired, the relationship 
between successive paragraphs and the like not always being 
clear. In fact, there is sometimes the impression of a series of 
more or less isolated observations written down at different times 
and then arranged in some logical order without much rewriting 
or introduction of connectives. Even the experienced chemist 
will sometimes be bewildered temporarily over the relationship of 
a paragraph or statement to what has just preceded it and to the 
unit as a whole. It is quite possible that this bewilderment may 
for the student be more than temporary. 

In spite of such minor defects, the text is an excellent one—one 
of the best yet written on the advanced level. It is well printed 
and is remarkably free from typographical errors. It seems also 
to attain a high standard of factual accuracy. 


LAWRENCE H. AMUNDSEN 
UNIVERSITY OF CONNECTICUT 
Storrs, ConNECTICUT 


fe INTRODUCTORY CHEMISTRY 


Lillian H. Meyer, Western College of Michigan, Kalamazoo, 
Michigan. The Macmillan Co., New York, 1951. x + 532 pp. 
Illustrated. 14.5 X 22cm. $5. 


Tuis text fills a need which has existed for some vears. It is 
about a decade since even a revised edition of an elementary 
chemistry book for home economics students has appeared. The 
author suggests that it may be used also with other groups in- 
terested in the applied biological sciences. This suggestion is 
pertinent to college students in nursing and physical education 
programs. Dr. Meyer uses the text for a year’s course in chem- 
istry, which is the maximum amount usually permitted such 
students. In fact, she does not find time to include all work 
given therein, but has added some material so that other instrue- 
tors can make a selection, according to her preface. 

The content of the book is wisely chosen. Over half of the 
text is included under the heading of “Introductory Chemistry.” 
The balance consists of approximately 10 per cent organic chem- 
istry, 20 per cent biochemistry, and 6 per cent textile chemistry. 
The index and a short appendix complete the book. The In- 
troductory Chemistry section is subdivided into 21 chapters. 
Each of these treats a topic important in the subsequent work of 
the students such as solutions, the colloidal state, leavening 
agents, etc., instead of attempting to survey the whole general 
and inorganic chemistry field. In other words, the author has 
assisted the teacher in the selection of appropriate subject matter. 
This choice becomes increasingly difficult as the body of chemical 
knowledge grows each year. Further help is given the teacher 
by occasional comments as to the extent to which certain reac- 
tions may be used in our country. For example, electrolysis of 
water is of little industrial importance because of the relatively 
high cost of electric power. The author has excluded certain 
topics which are not of great value to the students for whom the 
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text is written. The methods of determining atomic weights is a 
case in point. However, there is sufficient use of mathematics 
and its methods to give the students an appreciation of its im- 
portance in chemistry and practice in its use. The review ques- 
tions at the end of each chapter contain some problems. Inci- 
dentally, the practical nature of these questions should appeal! to 
the instructor. list of “New Terms” which accompanies these 
questions should be valuable to both teacher and student. 

The relatively brief organic chemistry section is sufficient to 
introduce the student to the more important biochemistry divi- 
sion. The chemistry of the major compounds of foods (proteins, 
carbohydrates, and fats) and their fate in digestion, metabolism, 
and excretion is well and concisely covered. The textile portion 
discusses various kinds of fibers and presents a brief treatment of 
dyeing, laundering, and cleaning textiles. This material should 
interest all students in this day of synthetic as well as natural 
fabrics. 

In conclusion, the author has done a splendid piece of work 
which should meet. with wide approval from the group for which 
the book has been written. The conciseness and clarity of its 
style alone should win it favor. Its applications are excellent. 


HELEN I. MINER 
Wayne UNIVERSITY 
Detroit, MICHIGAN 


a RADIOISOTOPES: INDUSTRIAL APPLICATIONS 


G. H. Guest, Senior Scientific Officer, Health Radiation Section, 
Industrial Health Division, Dept. of National Health and Welfare, 
Ottawa, Canada. Pitman Publishing Corp., Toronto and New 
York, 1951. xv + 185 pp. 65 figs. Qtables. 15 K 22.5 cm. 
$4.50. 


“Wirn the development of the cyclotron and the construction 
of atomic piles, scientists have created nearly six hundred new 
isotopes of the ninety-two naturally occurring elements. . . . 
These radioactive atoms have provided a new tool, millions of 
times more sensitive than conventional chemical and spectroscopic 
methods, with which scientists, engineers, and technicians may 
follow reactions and investigate phenomena revealing new facts 
and important applications. In this book, Dr. Guest has given 
in simple language the basic ideas involved in the use of these 
new isotopes, indicating typical examples of their application in in 
dustry... .’’ Thus writes Dr. D. A. Keys, Vice-President of the 
National Research Council of Canada, and Director of the Atomic 
Energy Project, Chalk River, Ontario. As the author himself 
puts it, “industrial applications of radioisotopes are already 
varied and widespread and the purpose of this book is to stimulate 
further interest in uses of pile-produced isotopes in industry.” 

Written in language which an intelligent layman can compre- 
hend, the book is slanted toward the industrialist looking for 
possible applications of the radioisotope technique. The book is 
equally well suited to the professor giving a course in radio- 
chemistry; many experiments are suggested which. in addition 
to supplying valuable information both of a fundamental and 
applied nature, would serve also to illustrate the use of tracer 
techniques. The book not only provides a fairly complete sum- 
mary of experiments already suggested or tried but the author 
goes on to suggest many which could be tried. As a general 
survey of the field, the book is excellent. It is not meant to be a 
comprehensive text discussing in detail counting techniques, etc. ; 
ueither does the author go into detail about the results of the ex- 
periments which he describes, but rather uses them only as illus- 
trations of the tracer method. In the opinion of the reviewer it 
would have been desirable to go into a bit more detail on the last 
‘wo chapters entitled “Laboratories.” and ‘Precautions in the 
industrial uses of radioisotopes.” 

The format is good. The clear type together with a lavish use 
of well chosen figures combine to make a very readable book. 
Numerous references are given at the end of each chapter and in 

appendix. Although the index is somewhat weak, it is offset 
bya very complete table of contents. Only a few minor points 


of contention were noted: (1) the reviewer does not feel that 
painted concrete floors are adequate for a radioisotope laboratory 
as is suggested on page 142; (2) on page 33, the author neglects 
to mention consideration of the type of radiation (a, 8, or y) in 
deciding whether an isotope would be of use in a metallurgical 
problem. The reviewer commends the use of the term “auto- 
radiography” rather than the ‘“‘radioautography”’ that is used in 
this country. 
In general the book is a useful one and is recommended. 


LOUIS G. STANG, JR. 
BROOKHAVEN NATIONAL LABORATORY 
Upton, Lone Istanp, New York 


@ QUANTITATIVE ORGANIC MICROANALYSIS 


Based on the methods of Fritz Pregl. Fifth English edition. 
Revised and edited by Julius Grant. The Blakiston Co., Phila- 
delphia, 1951. ix + 342pp. 183 figs. 15.5 X 24cm. $5.50. 


Tue fifth English edition of this classic work is appreciably 
enlarged but similar in scope to the fourth edition (reviewed in 
J. Cuem. Epuc., 23, 468 (1946)). It incorporates advances in the 
subject made in certain European countries during the war years 
and more recently released as well as the most recent literature. 
Several determinations are cited here for the first time, notably 
the direct determination of oxygen by its conversion to carbon 
monoxide which reacts with iodine pentoxide to free iodine. 

Especially to be noted is the inclusion of the full report of the 
Committee for the Standardization of Microchemical Apparatus 
of the American Chemical Society as well as a detailed discussion 
of British standards prepared by the British Standards Institu- 
tion. These reports include drawings with full specifications of 
microchemical apparatus. 

The inclusion of physical methods adds to the value of a book 
of this kind. While the discussion in this chapter is intentionally 
brief, the reviewer feels that in another edition the section on 
absorption spectra should be revised as there is inaccuracy of 
statement in the discussion of the Beer-Lambert law. 

The text is primarily a treatment of microanalysis from the 
viewpoint of organic chemistry and as such plays an important 
role in the development of this subject. 


LUCY W. PICKETT 
Mount Hotyoke 
Souts MAssaCHUSETTS 


e THE POWER AND LIMITS OF SCIENCE 


E. F. Caldin, Lecturer in Chemistry in the University of Leeds. 
Chapman and Hall Ltd., London, 1949. ix +196 pp. 14 X 22 
cm. 12s. 6d. 


Tuis book, subtitled ‘“‘A Philosophical Study,” is timely, well 
written, and stimulating. Probably few scientists would agree 
with all of the author’s premises, arguments, and conclusions 
but few could fail to profit from a critical and careful reading of 
the book. 

Its values are of two distinct types: the ideas discussed and 
the clarity of the writing itself. The ideas should help to stimu- 
late and crystallize thoughts of the reader, although he will not 
always agree with the author. The writing itself could be studied 
by many as a model. 

Some of the flavor of the book can perhaps be communicated— 
although only imperfectly—by quoting excerpts such as the 
following, from a chapter entitled ‘‘The inductive method.” 
“The view that we are developing is that scientific generalisa- 
tions are neither certainly false nor certainly true, but more or 
less reliable or likely, according to the evidence supporting them; 
that a scientific law claims a qualified belief, and the likelihood 
of its being true can be improved or worsened: by fresh evidence. 
All such likelihood depends, too, not only on the bare data of 
science, but upon the legitimacy of assuming a principle which 
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may be expressed in some such form as ‘there is order in nature.’ 
This is not, indeed, . . . a sufficient condition for a generalisation 
to be certain; but it is a necessary condition without which no 
empirical generalisation would have any likelihood—without 
which science could not begin” (pages 59-60). 

‘«_ , .This belief that there is order in nature is not a conclusion, 
but a presupposition of science; induction cannot begin without 
it. Yet neither formal logic nor the bare observations warrant 
it” (page 61). ‘“‘...The grounds for believing this presupposition 
must be sought in metaphysics. . .” (page 70). (This last state- 
ment is that one of the author’s fundamental contentions with 
which many scientists are most likely to disagree.) 

Many of the summaries are gems, models which could well be 
studied by many authors. To judge a summary without reading 
the discussion it follows is of course not fair. Nevertheless, here 
is the summary of the 25-page chapter, ‘Society and science’’: 
“Science is distinct from technology, and the social problems 
raised by it are quite different. The social function of science is 
twofold: to represent rational values and to supply techniques 
for legitimate material ends. Science is concerned in the major 
crisis of our time—the decline in our conception of man—be- 
cause the value of truth is endangered, and because the crisis 
is partly due to the belief that science is the sole means of reaching 
truth, so that a more accurate view of science would remove one 
source of low views of the nature of man. Science can help to a 
solution of the crisis—the recovery of a true view of man—in so 
far as it favours respect for truth and for the human person. 
Scientists should make it their business to uphold rational values, 
and at the same time resist attempts to extend scientific method 
to fields where it is inappropriate and can only lead to disastrous 
conclusions. Science should find a place in a liberal education, 
which is incomplete without a view of nature; the deficiencies of « 
its method can be supplied by teaching it in association with other 
disciplines” (page 174). 

Most scientists would probably agree for the most part with 
the author’s analysis of science, but many would feel that the 
book should be accompanied by a companion volume: ‘The 
Power and Limits of Philosophy.” Nevertheless, “The Power 
and Limits of Science” is well worth reading. 


WILLIAM E. MORRELL 
University or ILLINors 
Ursana, ILLINoIs 


* ORGANIC REACTIONS. VOLUME VI 


Roger Adams, Editor-in-Chief. John Wiley & Sons, Inc., New 
York, 1951. viii + 517 pp. 5S figs. 72tables. 15.5 X 24cm. 
$8. 


FIvE previous volumes in this series have familiarized chemists 
with the style and scope to be expected in each new volume. This 
volume lives up to the previous high standards. 

The first chapter deals with the base-catalyzed condensation 
of aldehydes (ketones) with succinic esters, or the Stobbe con- 
densation. The chapter is written by W. 8S. Johnson and G. H. 
Doub. It is exceptionally well done. Coverage is complete, 
presentation well organized and interesting, and nomenclature is 
sound throughout. 

This chapter is followed by two chapters by W. M. Whaley and 
T. R. Govindachari on dihydroisoquinolines and tetrahydroiso- 
quinolines and one by W. J. Gensler on isoquinolines. The 132 
pages devoted to various syntheses of isoquinolines and related 
compounds reminds one of the little girl’s report on a book dealing 
with penguins. She said simply: ‘There is more about pen- 
guins in this book than I care to know.” Of course, penguin 
fanciers might wish for 200 pages rather than 132. 

Carl Djerassi’s chapter on the Oppenauer oxidation brings out 
the fact that it has been used in the past primarily for the oxida- 
tion of secondary alcohols to ketones in the steroid series. Other 
chapters include syntheses of phosphonic and phosphinic acids 
(G. M. Kosolapoff), halogen-metal interconversion reaction with 
organolithium compounds (R. G. Jones and H. Gilman), thiazoles 
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(R. H. Wiley, D. C. England, and L. C. Behr), thiophenes and 
tetrahydrothiophenes (D. E. Wolf and K. Folkers). The volume 
closes with an authoritative treatment of reductions by lithium 
aluminum hydride by Weldon G, Brown. 

Each contributor mentions the date through which the litera- 
ture has been reviewed. Six chapters include 1949 references 
two include 1948 ones, but two (thiazoles, thiophenes) unfortu- 
nately are complete only through 1946. This results in one serious 
omission in the thiophene chapter, namely, the noninclusion of 
the process developed by The Texas Company for the synthesis 
of thiophene. 

Again, the editors are to be congratulated for having sponsored 
so — a book, and the publishers for preparing it so attrac- 
tively. 


CHARLES D. HURD 
NORTHWESTERN UNIVERSITY 
Evanston, ILLINors 


e ECONOMIC ASPECTS OF ATOMIC POWER 


Sam H. Schurr and Jacob Marschak. Princeton University 
Press, Princeton, New Jersey, 1950. xxvi + 289 pp. 32 tables. 
4maps. 2graphs. 17.5 X 26.5cm. $6. 


In TuIs book the authors present the results of a study which 
they directed for the Cowles Commission for Research and 
Economics. Three research associates (Sam H. Schurr, George 
Perazich, and Edward Boorstein) and three research consultants 
(Herbert A. Simon, Harold H. Wein, and Milton F. Searl) are 
listed as contributors to the study. In addition, an extensive 
list of the sources of information, persons, and organizations is 
given in the preface. The presentation of the study is straight- 
forward, matter of fact, and gives a dispassionate view of the 
probably small total effect of atomic power on the world’s econ- 
omy, a relief from the bulk of literature on atomic energy. 

The core of the study is the estimate in Part I of the cost of 
power from nuclear fuels. The estimate is introduced by a con- 
sideration of the characteristics and uses of atomic power, the 
nature of plant and equipment required, and the supply of raw 
fuel. It is established that the minimum cost will be that of 
conventional power minus fuel costs, but that fixed charges will 
make the minimum difficult to realize, at least without a long 
development period. Thus a minimum cost of atomic power in 
the form of electricity would be 4 to 4.3 mils per kw.-hr. in 1946 
prices. With slight changes as to assumptions allowing for the 
effect of higher fixed costs, the price range is 6.6 to 7 mils per 
kw.-hr. which may be given as an intermediate cost. A maxi- 
mum cost is given as 10.2 mils per kw.-hr. and takes into account 
the possible high cost of processing fuel. The authors cope very 
fairly with the lack of definitive information on which to base 
these estimates. They point out this lack is due more to the fact 
that developments have not taken place as yet rather than due to 
security regulations. The technical man reading the book will 
find himself desiring specific reactor designs to which to relate the 
discussion. The interaction between weapons production and 
power production is not discussed. Following the discussion of 
the cost of atomic power, the cost of conventional power in var- 
ious parts of the world is analyzed thoroughly and presented in 
instructive fashion. 

In Part II the effect of cheaper power (electricity and heat), 
together with the effect of its redistribution on selected indus- 
tries, is evaluated as follows: 

Aluminum. The future expansion of aluminum output in the 
United States might be supported by the availability of large 
amounts of atomic power. Should the expansion take place due 
to this fact, it would be in locations differing from those being 
considered today. 

Chlorine and Caustic Soda. At most a 5 per cent reduction in 
cost may be expected in a few areas, hence little or no over-all 
effect is predicted. 

Phosphate Fertilizer. No significant effect is anticipated al 
though some change in methods of production may be possible. 
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Cement. Except in case of coincidence in the location of a 
nuclear reactor and the cement mill no effect is anticipated. 

Brick. Little or no effect since brick plants are small. 

Flat Glass. Use of atomic power would probably be disad- 
vantageous although a very small reduction in cost might be 
possible. 

Iron and Steel. By possibly combining the development of 
the sponge iron process with the development of electrical power 
for the nuclear reactor to produce hydrogen, an effect on the loca- 
tion of steel production and the utilization of iron ore is foreseen 
as a possibility. No other effect is anticipated. 

Residential Heating. In some areas nuclear heating might 
provide convenience but in any event little or no reduction in 
cost. 

Of more value than learning the effects of atomic power on the 

selected industries is the analysis of the importance of power, its 
location and distribution on each industry. The methods devel- 
oped by the authors should be of considerable utility to others. 
_ Part III attempts to see how our regional] and national economy 
might change were atomic power to become widely used. Results 
of Part I and II are used and factors including effects which might 
trigger new developments are estimated. Outside of trigger 
effects there will be no short-term effects. Longer-term effects 
become very speculative and depend heavily on the stimulation 
of invention leading to the introduction of new power-consuming 
devices. Some increase in income is expected, however, in the 
long term, and if this also results in a more rapid accumulation of 
capital, effects of fairly large magnitude might be expected in our 
economy. However, the cheapening of power alone will not pro- 
duce these effects. 

The book is scholarly and written primarily from the point of 
view of the economist. A tremendous volume of data has been 
gathered, analyzed, and presented in orderly fashion. To the 
technical man who thinks of new developments as important not 
so much because they save money but rather because they enable 
us to do something previously impossible and probably not even 
considered previously, the book is somewhat discouraging. As 
mentioned by the authors, it is the stimulation of inventions and 
the interaction of new developments that makes them important. 
It is likely that the development of atomic power will come about 
because of its special applications rather than because of general 
effects on our economy. Thus the reviewer feels that the in- 
formation, the balanced point of view, and in particular the tech- 
niques for handling the analyses of the effects on national] or re- 
gional economies are far more important than the conclusions 


drawn if they were solely to be considered. —_, 


JOHN P. HOWE 


Generat Evectric ComPANy 
Scuenrectapy, New York 


¢ AN INTRODUCTION TO TEXTILE FINISHING 


J. T. Marsh, Manchester, England. John Wiley & Sons, Inc., 
New York, 1951. xv + 552 pp. 161 figs. 14 X 225 cm. 27 
plates. $5.50. 


THE present text is a companion volume to “An Introduction 
to Textile Bleaching” written by the same well-known British 
textile authority. As stated in the preface ‘the subject matter 
of this book is based on the experiences of the writer during his 
twenty years’ service as a research chemist in the textile industry, 
and from a careful study of the literature of the subject.”’ ‘Two 
criteria have been taken for this work, first, commercial impor- 
tance, and secondly, scientific and technical interest.’”’ The book 
deais principally with the chemical aspects of textile finishing 
although some consideration of the mechanical aspects is neces- 
sarily included. 

After describing the principal types of finishing machinery, the 
processes of creping, mercerizing, parchmentizing, preshrinking, 
softening, starching, weighting, and delustering are considered. 
Also the setting, milling, and giving to wool an unshrinkable 
finish are presented. The reaction of formaldehyde with differ- 
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ent fibers is described and also the application of cellulose deriva- 
tives, resins, and rubber to the finishing of fabrics. Then the 
proofing of fabrics against water, moths, mildew, and fire is con- 
sidered. Included are a bibliography of finishing and name and 
subject indexes. The book is well illustrated with figures and 
plates, including one in color. : 

This book brings together a large amount of previously scat- 
tered material dealing with the finishing of cotton, wool, silk, 
linen, and rayons; however, the newer polyamide, polyester, 
acrylic, and viny] fibers receive little or no attention. As is 
natural the coverage for the British patent literature is much 
more complete than for United States patents. The author’s 
wide knowledge of textile finishing has enabled him to make a 
very worth-while contribution to this field and this book should 
find a place in every finishing plant and textile library. 


W. W. RUSSELL 
Brown UNIVERSITY 
PROVIDENCE, RHODE IsLAND 


THE VITAMIN B COMPLEX 


F. A. Robinson, Deputy Director of Research, Allen and Han- 
burys Ltd., England. John Wiley & Sons, Inc., New York, 1951. 
xi + 688 pp. 14 X 22cm. $9. 


Tuis book presents a wealth of detailed, systematized informa- 
tion regarding vitamins of the B group. With true British con- 
servatism the author uses the British pharmocopoeia name, 
aneurine, for what in America is called thiamine, yet he tacitly 
acknowledges the appropriateness of thiamine in several ways: 
e.g., he writes of thiaminase. No formal definition of the B group 
of vitamins is attempted, but in general the definition as accepted 
by R. J. Williams seems by implication to prevail in the author’s 
mind, 

Twelve chapters, of which the first is the longest, deal respec- 
tively with aneurine, riboflavine, nicotinic acid, pyridoxine, 
pantothenic acid, biotin, the folic acid complex, vitamin By: 
(erythrotin), p-aminobenzoic acid, inositol, and choline. 

The thirteenth chapter is entitled ‘Miscellaneous water- 
soluble growth factors.” It presents brief accounts of experi- 
ments leading to the coining of names that are now abandoned 
and of other experiments suggesting the existence of food factors 
that have not yet been definitely established. One might wish 
that the story of vitamin B,, and its significance had been more 
fully developed. The last chapter is a useful and stimulating 
general view of this field. 

The author has done a fine job in documenting the book. Full 
lists of references are conveniently placed at the ends of the 
several sections into which each chapter is divided. Indeed, the 
book is of great value as a working bibliography in addition to its 
valuable text. 

All workers in nutrition and in vitamin research will find this 
book extraordinarily useful as a reference treatise. 


PHILIP H. MITCHELL 
Brown UNIVERSITY 
Provipence, Ruope Istanp 


e THE ATOMIC-MOLECULAR THEORY 


Leonard K. Nash. Harvard University Press, Cambridge, 
Mass., 1950. v+115pp. 15.5 X 23cm. $1.35. 


Tuis is number four of a series of ‘Case Histories in Experi- 
mental Science.” Numbers one and two were prepared by the 
editor of the series, James B. Conant, and appeared in his book, 
“On Understanding Science: An Historical Approach’’; number 
three was on the ‘Early Development of the Concepts of Temper- 
ature and Heat,” prepared by Duane Roller. 

The editor of the series considers their purpose “‘to assist the 
student in recapturing the experience of those who. . . partici- 
pated in exciting events in scientific history. . .(Thus) by the 
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intensive study of the actual work of. . .the past. . .the methods 
then employed (may) stand out clearly. . .(By such) an introduc- 
tion. . .the inquiring citizen ought to be in a position to continue 
his scientific education throughout his life.” 

This booklet, after proper emphasis on the antiquity of the 
atomic concept, devotes its first section to Dalton’s “deceptively 
simple proposals” which justify calling Dalton “the effective 
architect of the. . .theory as we know it today.” 

Sections two to five present the theory’s critical reception by 
chemists of that time, Gay-Lussac’s empirical whole-number 
volume law of reacting gases (which Dalton rejected princi- 
pally because it did not correlate well with results from his “‘rule 
of greatest simplicity”), and Avogadro’s hypothesis, which was 
also rejected by Dalton for the same reason. 

In an epilogue, section six, Davy’s success in the electrolysis of 
alkali salts and Berzelius’ theory of electrical force as the binder 
of elements into compounds (so-called dualistic theory) are cred- 
ited with having held off for 40 years the effective use of the law 
of reacting gases and Avogadro’s hypothesis in solving Dalton’s 
problem of consistent atomic weights. This problem was finally 
solved convincingly by Cannizzaro in 1858, and this accomplish- 
ment was the closing act of this bit of scientific history. 

There is neither a table of contents nor an index. In the pref- 
ace suggestions are made with reference to the booklet’s use with 
classes in “general education courses in physical science.” 

The reviewer found the book a very helpful supplement to his 
own knowledge of this theory’s evolution and anticipates that 
teachers of physical science in general will welcome its assembly 
of these source materials. He found the treatment a bit tedious 
and involved in a number of places and frequently was uncertain 


or were simply the author’s exposition. He wonders if students 
will find this account correctly described as “exciting events in 
scientific history.”” Would an “inquiring citizen’ have the per- 
sistence to read it through? Should not this “case” more cor- 
rectly be offered to the physical science major after he has had his 
sequence of scientific courses? 


B. CLIFFORD HENDRICKS 
UNIversITy OF NEBRASKA 
Lincoun, NEBRASKA 


LES METHODES D’ANALYSE DES REACTIONS EN 
SOLUTION 


G. Charlot and R. Gauguin, Professeur and Sous-chef de Tra- 
vaux respectively, l'Ecole Supérieure de Physique et de Chimie 
industrielles. Masson et Cie, Paris, 195]. viii + 328 pp. 
242 figs. l table. 17 X 25.5 cm. 2200 fr. 


TuE authors believe that a knowledge of the nature of the 
chemical species existing in a solution, and of their reactions, is 
important, not only for research, but also for industrial problems 
involving such systems, including the instrumental control of 
chemical processes. Consequently, this book presents the au- 
thors’ summary of methods which have been used in studying 
many different kinds of liquid solutions for such purposes. 

Chapter I lays the foundation for general reactions, such as 
oxidation-reduction and complexation (including protonation). 
Electrons, ions, and polar molecules are the reactants. This is 
followed in Chapter II by mathematical treatments of various 
types of possible reactions, including the methods of calculating 
equilibrium constants. The appendix contains 27 pages of such 
constants. This general material is completed in Chapter III, 
which deals with the graphical presentation of data obtainable 
when reactions proceed in solution. Different kinds of titrations 
and Job’s method of continuous variations are examples. 


whether certain passages were direct quotations from the sources ' 
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Chapter IV considers possibilities of applying more than 95 
different instrumental methods. The general principle of each 
is stated, followed by specific examples of recent applications, in. 
cluding original references. 

More detailed applications follow, Chapter V covering various 
redox and complex systems, and Chapter VI dealing with rege. 
tions involving a precipitation. The next four chapters deg] 
mostly with the use of different solvent systems and added jp. 
dicator compounds. 

Chapter XI covers information deducible from measurements 
of the heat of reaction of solutions, and Chapter XII closes with g 
consideration of irreversible reactions, especially types involving 
oxidation-reduction or change of ion composition. 

In addition to the extensive table of equilibrium constants, the 
appendix summarizes the significance of activity of solution com- 
ponents and lists a glossary of terms used. 

Unfortunately, the paper binding will not withstand much 
wear, and there is no index. This is one case where both author 
and subject indexes might well have been added. 

To the reviewer this book seems the best summary available 
covering our knowledge of the means and methods for studying 
the nature and action of the entities which can exist in a solution, 
He has long needed such a work. The extensive references to the 
literature should be of value. 


M. G. MELLON 
UNIVERSITY 
LAFAYETTE, INDIANA 


* ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY. 
VOLUME VII: FURNACES TO IOLITE 


Edited by Raymond E. Kirk and Donald F. Othmer, Professors 
and Heads, Departments of Chemistry and Chemical Engineering, 
respectively, at the Polytechnic Institute of Brooklyn. Assistant 
Editors: Janet D. Scott and Anthony Standen. The Inter- 
science Encyclopedia, Inc., New York, 1951. xvi + 982 pp. 
19 X 27cm. Subscription price, $25. 


ELEMENTs appear to lead the parade in volume seven, namely: 
gallium, germanium, gold, hafnium, helium-group, hydrogen, 
indium, iodine, and the compounds and derivatives of these 
elements. The inorganic chemist will also appreciate some of 
the longer sections on synthetic gems, glass, hydrazine, hydro- 
chloric acid, and hydrogen peroxide. 

The biochemist will find the longest section (74 pages) devoted 
to hormones, though there are nine subsections. Other topics 
of interest to him will be gelatin, glycosides, histamine, and anti- 
histamine agents, as well as those sections of interest to the 
organic chemist. These will be glycerol, glycols, Grignard re- 
action, halogenation, heterocyclics, hydrocarbons, hydrolysis, 
imides, indigoid dyes, indole, and insulin. The analytical chemist 
will find specific sections on gas analysis, hydrogen-ion concentra- 
tion, and indicators. The chemical engineer will find particularly 
useful the sections on heat transfer, gravity concentration, 
humidity, and instrumentation. 

General industrial topics treated in greater detail are furnaces, 
furs, gas fuels, gas warfare agents, glue, gums and mucilage, 
hydraulic systems, hydrogenation, ice cream, industrial hygiene, 
ink, insecticides, and insulation. 

Many subject titles now refer to previous volumes and fewer 
titles refer to volumes yet to appear. The value of this encyclo- 
pedia in a reference library continues to grow and its presence has 
become a necessity. 


KENNETH A. KOBE 
UNIversity or TEXAs 
Austin, Texas 
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Common misunderstanding of Hess’s law, A, 
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Conway diffusion 1% 
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Course on the determination of organic com- 

pounds, A. K. G. % 
Courses in radioisotopes at the Oak Ridge 

Institute of Nuclear Studies. R. T. 

2 
Cracking 

Reactions of aliphatic hydrocarbons..... 562 
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chemistry. J. W. Broperc ann R. E. 
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Demonstration on the chemistry of color, A. 

Stantey C. Bunce Henry Ham- 

Demonstrations, chemical, The everhead pro- 

jector and. W. H. 59 
Demonstrations, Lecture—See Lecture demon- 
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Diffusion of gases, Thomas Graham’s study 
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Distillation 
Mercury vacuum still................00. 272 
Division of Chemical Education of the 
American Chemical Society 
118th meeting, Chicago, Illinois........ 107 
109 
Executive committee meeting......... 107 
Report of the treasurer.............. 109 
It’s your division........ 164, 215, 337, 379, 439 
Drill press for boring holes in stoppers, The 
Dumas, Davy, and Liebig. Henry M. Lar- 
Dumas, Jean Baptiste André. JaNe Woop- 
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Clément. E. Ogsper.......... 36 
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Dyestuffs, A hmtpeniin separation of 
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Education, general, Science in. JouNn B. 
ENTRIKIN 
Education, Science and. Ernst A. Hauser 208 
Bfect of nitrous acid on the oxidizing power 
of nitric acid, The. Ropert C. Brastep 442 
Electric flask heater, An. Frepertck Mart- 
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Oxidation 527 

The polarographic diffusion current.... 495 
Ekeetrochemistry in the freshman course. 
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Employment opportunities 
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Emulsions, Oil and Water. A lecture demon- 
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Energy requirements for nuclear transforma- 
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European chemical industry in the nineteenth 

century. L. N. MARKWOOD............. 348 
Evaluation of achievement in chemistry. 
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Experiment for measuring the thermal con- 
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Foreign languages to research students 

Teaching. Evron HOCKING............. 
Free energy approach to unary systems, A 

graphical. Norman O. SMITH......... 
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Fuchs, Johann Nepomuk. WILHELM 
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Valence and 
Gas-absorption apparatus, A _ versatile. 
Rosert E. 
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Gases, diffusion of, Thomas Graham’s study 
of the. ANNETTE RUCKSTUHL.......... 
Gehlen, Adolph Ferdinand 
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Fingerprinting 
Gem-testing laboratory of Tiffany & Co., 
The. 
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General education, Science in. 


Historical 
General science course in higher education, 
Report of a seminar on the. SISTER 
Mary Marcuerire CHRISTINE............ 
Generator, A compact hydrogen sulfide. H. 


Gerhardt, August Laurent—Guide and in- 
spiration of. CLARA DEMILT............ 
Glasses, ancient, The composition and work- 
ing properties of. Frepertck R. Matson 
Glutathione, Paper chromatographic identi- 
fication of the amino acids of: An ex- 
periment in biochemistry. Fasran Lion- 
Goethe and chemistry. James E. Ciuskey 


Gold-copper alloys in ancient America. 
Government, Working for the. K. J. Pa- 
Graduate degrees 
Liberal arts college, role of............. 


Graduate inorganic chemistry at the Massa- 
chusetts Institute of Technology. Wa.tTer 


Graham’s, Thomas, study of the diffusion 
of gases. ANNETTE RUCKSTUHL.........-. 
Graphical free energy approach to unary 
systems, A. Norman O. SMITH.......... 


Harnium, Recent advances in the chemistry 
of zirconium and. Epwin M. Larsen... 


Hiigg, Gunnar. Ralph E. Oesper........... 
—See Frontispiece, September (P) 
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Interhalogen 
Haiiy, René Just 
Heater, flask, An_ electric. FREDERICK 


Hedvall, Johan Arvid. E. Ossper... 
—See Frontispiece, July (P) 

Hess, Germain Henri, and the foundations 

of thermochemistry. Henry M. Le- 
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Hess’s law, A common misunderstanding of. 
High-school chemistry, The future of. 
Expert C. Weaver AND Hanon A. Wess.. 
High-school chemistry, Unknowns in. Bean- 


ancient. 
Historical approach to the teaching of sci- 
ence, An. Leonarp K. NAsH...........- 
History of barbituric acid, The. 
KATHLEEN 
History of chemistry—See also Biography 
Chemistry and the spectrum............ 
Congress at 
Hindu chemical laboratory.............. 
Nineteenth century chemical industry... 
History of the mercury flask. Detmar K. 
Myers 
Hofmann, and Wurtz, Faraday. FLorence 


Hold ‘that flavor. Ropertck K. Eskew...... 
Hormones—plant growth regulators. P. W. 
ZIMMERMAN 
Horns of the sacred cow, On the. 
STaANDEN 
Hydrocarbons, The mechanisms of the reac- 
tions of aliphatic. Lovurs ScHMERLING.. 


ANTHONY 


Hydrogen peroxide. E. S. SHANLEY......... 
Hydrogen sulfide generator, A compact. 
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A new derivative for the. Geratp R. 


Importance of a liberal outlook, The. 

D. 334 
Improved melting point apparatus, An. 

Improved stirrer assembly, An. JoHN T 

Improvised ultramicroscope, An 

Industrial advertising as a source of infor- 

Industry, A service to. JoHN B. CaLKIN.... 394 
Industry, Chemical 

Metallurgy in the nineteenth century.... 364 
Industry, European chemical, in the nine- 

teenth century. L. N. MarkKwoop........ 348 
Industry, What it expects of chemists. A. J. 


Inexpensive transference number apparatus, 
An. T. J. Roemer anp R. A. Cooey.... 37 
Information, Industrial advertising as a 


source of. W. G. Kessen................ 383 
Inorganic chemistry at the Massachusetts 

Institute of Technology, Graduate. 

Institute for the teaching of chemistry..... 135 
Instrumental analysis, A course in. L. G. 

Bassett, J. H. Harvey, ano S. E. Wiper- 

466 
Instruments—See Apparatus 
Interhalogen compounds, Structural chemis- 

try of the. 619 
Introduction to radiation chemistry, An. 

Inventions 

Ion-exchange experiment for quantitative 

analysis, An. M. MacNevin, 

Mary G. Ritey, anp THomMas R. Sweer 389 
Ion-exchange resins, Experiments’ with. 

Rosert H. Scuuter, Atrrep C. Boyp, Jr., 

Ion exchange, Student experiments on. Sic- 

22 
Tonization—See Electrochemistry 
Tron 

Tron wire as a primary standard, The use of 

unweighed. Cerota, 

J. Rogers, anp Leo K. YANOWSKI........ 299 
Isomerization 

Reactions of aliphatic hydrocarbons.... 562 
Isothermal balance chamber, An. WILLIAM 

S. Castor, Jr. aND Frep BAsouo.......... 380 
Keozie, Witttam K., from Kansas. Men of 

the Priestley Centennial. Sister Mary 


Keeping properties of certain volumetric 


solutions. Barbee William Durham..... 387 
Lasoratory, chemical, An ancient Hindu con- 
Laboratory exercises 
Castor oil in soaps and lipsticks........ 266 
Chromatographic separation............. 39 
Identification of amino acids.......... 152, 480 
Water gas by cracking methanol........ 220 
Molecular weight of a protein........... 486 
Oxidation potentials............... sedate 527 
Preparation of tertiary amines......... - 191 
Preparation of 2-bromonaphthalene..... 472 
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Reduction of benzophenone.............. 142 
Sodium-fusion of plastics.............. 97 
Thermal conductivity of gases.......... 576 
Transference 
Laboratory exercises in nuclear chemistry. 
IV: A basic student counting circuit. 
H. Russet R. 
LIAMS, JR., AND CoLIn F, Mackay........ 98 
Laboratory pressure regulator, A. GerorGe 
Lack of natural philosophy in our educa- 
tion, The. Ernst A. Havuser............ 492 
Languages, Teaching foreign, to research 
students. . 544 
Lantern slides in undergraduate organic 
chemistry, The of. NorMan 
Lanthanide contraction as a teaching aid, 
312 
Large crystals of monoclinic sulfur. Mu1ILton 
Laurent, Auguste—Guide and inspiration of 
Gerhardt. 198 
Lecture demonstrations 
Ammonium dichromate ‘‘voleano.”’...... 649 
Atomic structure 473 
546 
184 
Oil and water emulsions................. 112 
Oxidizing power of nitric acid............ 442 
Ozone 477 
Plastics 654 
Reacticn rates 635 
Temperature-equilibrium ............+-- 640 
Lecture demonstrations in general chemis- 
Lecture demonstrations with the newer types 
of plastics. R. Expert Davis, James E. 
Bisy, L. Reep BRANTLEY.............. 654 
Lecture representation of oxidation-reduc- 
Lecture room periodic table, A. FReperic 
110 
Letters of evaluation, More reliable. E. A 
Liberal art, Chemistry as a. Scorr Bu- 
Liberal arts college, Research in the. Eton 
Liberal arts college, The role of the, in 
the professional training of chemists. 
Liberal outlook, The importance of a. 
Libraries, departmental, Current status of, 
in chemistry. J. W. Broperc R. E. 
435 
Library techniques 
Literature search..............++ 487, 539, 642 
549 
Liebig, Dumas, Davy, and. Henry M. Ler- 
Literature cited by Russian organic chem- 
ists, The scientific. J. G. Tourn, J. 
Danaczko, Jr., R. A. Liewatp, E. A. 
Mayerie, E. H. Mayerte, E. B. 
ski, V. C. Sexera, anp C. ZIMMER...... 254 


Literature search assignment, A. Roserr B, 

Literature summary, The. B. H. Wen..., 
Literature, The art of searching the. Lucy 


Lubricants, Stopcock. Maxey Brooke....,, 


Macro gas buret, A. Lioyp S. Netson, Don- 
ALD E. Laskowski, AND Howarp A. Porte 
Macromolecules, Thirty years of: Hermann 
Staudinger. 
Making water gas by cracking methanol, 
Marble monuments, ancient, Conservation 
of. A. J. 
Massachusetts Institute of Technology, 
Graduate inorganic chemistry at the, 
WALTER C. 
Massachusetts Institute of Technology, 
Teaching radiochemistry at. CHagies 
D. Coryett anp JoHN W. Irvine, Jr..... 
Measurement of the half-life of UXe. A 
lecture demonstration. A. H. Boor... 
Measurements, A comparison of criteria for 
the rejection of. W. J. Buaepet, V. W. 
Me.ocHe, AND J. A. 
Measuring the thermal conductivity of gases, 
An experiment for. Harry W. Line 
Mechanisms of the reactions of aliphatic 
hydrocarbons, The. Louis ScHMERLING 
Melting point apparatus, An improved.. 


Melting points, A rapid method for routine 
checking of. E. HucuHes........ 
Men of the Priestley Centennial. William 
K. Kedzie from Kansas. Sister Mary 


(P) 
Mercury flask, History of the. Detmar K. 
Mercury vacuum still, An automatic. 
CANNON 
Metallurgy 
Chinese bronze, 
Syrian coppers and bronzes, ancient.... 
Steel 
Metallurgy in the nineteenth century. Haro 
Method for fingerprinting diamonds, A 
new. A. 
Method of determining the thicknesses of 
silver deposited on glass, A. Luioyp 


Method of estimating the boiling points of 
organic liquids, A. D. E. Pearson...... 
Method of preparing oxygen, A. F. T. 
Microanalysis, The power of. A. J. HaaGen- 
Microcards for the chemistry library. Sister 
AGNES ANN 
Microprojector, A new. Marvin A. Satzen- 
STEIN AND Water C. McCrone......---- 
Microscope cell for low-temperature work, 
A. L. E. 


Microscopy, chemical, Summer courses in.. 
Minutes—See various organizations 
Mirrors 


Determining thickness 
Model, An atomic structure. Frep Y. Her- 

Molecular models 

Molecular models of silicates for lecture 

demonstration. K. Noyce....- 
Molecular spectra experiments, Simple. 

MANSEL 
Molecular structure 

Boiling points of organic liquids.....--- 


DECE 


Molecul 


Morphi 
heln 
Mortar 
Anc’ 
Muspra 
Muspra 
in ] 
Rei 


NATIONA 
Natural 
educ 
New de 
mary 
Lapp 
New E 


Repo: 
49, 11 
New mic 


Brasti 
Nitrous a 
power 
Brast 
Nomencla 
Ring 
Norris aw 
Notes 
Wate 
Notre 
chemi: 
Russe 
H. Sc 
Novel int 


i 
: 
FRED 
Molecu! 
Dav 
648 
1% 
368 
aye 
14 
Artic 
d 
43 
( 
J. E. NIcKeus 
119 
( 
I 
216 
‘ 
127 
Conf 
mm 
Meet 
a 2 
81 2 
STEIN 
New patt 
Nineteent 
dustr: 
H 
the 
Nitrite 2 
184 analy: 
473 
29 
A. J. 
Nuclear 
Half 
alf-l 


TION § pECEMBER, 1951 677 
B. Molecular weight of a protein, The. Sic- Nuclear istry at R 1 Polytechnic What industry expects of chemists. 
- mn Molecular weight, Osmotic pressure and. Nuclear chemistry at the University of Cali- Working for the government. K. J 
Davin I. 478 fornia. I. Pertman anp G. T. Seaporc.. 10 . 335 
87, 89 More reliable letters of evaluation. E. A Nuclear chemistry, Laboratory exercises in. Business 
Morphine, the .liscoverer of; Friedrich Wil- H. Hamu, Russe, R. 606 
helm Serturner. Georg LocKEeMANN...... 277 LIAMS, Jr., AND CoLIN F. MackKay........ 98 Mills College meeting........ 167 
TE Mortar Nuclear chemistry, Sy on the teach- 
Ancient marble monuments 79 2 Second annual 48 
+ Muspratt, James (P) 650 Nuclear chemistry, Teaching, at Notre Dame Proceedings of the PSACT......... 48, 165, 224, 
ol. Muspratts and the Gambles, The—pioneers University. Wiu.AMmM H. Hamu, Rvus- 280, 334, 391, 440, 496, 549, 606, 654 
in England’s alkali industry. Desmonp seLL R. Jr., AND Ropert H. Panorama of steel. CHartes M. 236 
oD Nuclear transformations, Energy require- amino acids of glutathione: An experi- 
NAtionaL college testing program............ 271 ments for. BeNsJAMIN CarroL AND Perer ment in biochemistry. Fastan Lionerti 
erivative for the identification of pri- atent assignment, A. Bertin L. 
go Ridge Institute of Nuclear Studies, Patents, What the chemistry teacher should 
126 in ot the. T. know about. Rosert CALvert............ 588 
roo Articles NAKER ees 155 Pearls 
lor Autoradiography as a science project. Oil and water emulsions. A lecture demon- INE Wisin cckunbbncewheeuessecacuee 128 
W. stration. S1sTer 112 pelietier, Joseph, and Joseph Caventou. 
freesing foods. Organic analysis, qualitative, The use of 454, 456, 457 
tic Organic chemistry, undergraduate, The use Periodic table, A lecture room. Faevenic 
ING 562 of lantern slides in. NoaMaN KuarascH 280 
P. W. Periodic table, Valency and the. Georce 
ine 553 _ Tertiary 191 Perkin, Bunsen, Berthelot, and. H. 
On the Homs of the Sacred Cow. Origins of Beer's Law, The. Heinz G. 359 
ANTHONY 608 AND Herman A. LiesHarsky.... 123 Perkin reaction, Alternative method for the 
ARY Osmotic pressure 46 
Guewn C. 49 Peroxide, Hydrogen. E. S. SHANLEY.... 260 
<i Service to industry, A. JoHn B Osmotic pressure and molecular weight. Pfeiffer, Paul. RatpH E. Oesper............ 62 
17 ieee Ostwald, Wilhelm : The lack of natural pH moter, Am cuperiment for the. Rewer 
170, 339, 658 Philosophy in our education. Eanst A. 252 
~ 8 257th, Nashua, New Hampshire..... 169 Outcomes of chemical education, Testing Chemistry 92 a liberal art............. 318 
258th, Boston, Massachusetts........ 170 Lack of natural philosophy in our edu- 
259th, Newport, Rhode Island....... 338 Oxidation number in auto-redox reactions. 492 
260th, Pomfret, Connecticut......... 339 _Lawaence P. Eau 221 300 
 # 261st, Natick, Massachusetts........ 443 Guidetion potentials, An experiment on the Photochemistry 
iis 49, 113, 169, 226, 282, 338, 394, 443, 553, 608, 658 : Haavey, Ja., Pacat Dever L. MANNING... 527 Physical chemistry questions, An automatic 
of &. A. Oxidation-reduction, A lecture representation rating thesaurus of. R. A. Coovey AND 
103 STEIN AND Water C. McCrone.......... 184 of. T. FT. 657 RoeMER 158 
New pattern in science, A. P. Le Corperier. 553 xyeen, = Pigments, Ancient. Marie FarnswortH.... 72 
of nth cman, in- 331 Pilot plant study of fluorine and its deriva- 
thn, 348 Ozone, of, from bottled oxy- tives. F. R. Lowvermmx, R. G. Dane- 
_ Haron 364 Place of the scientific method in the first 
ee Nitric acid, The effect of nitrous acid on Paciric Southwest Association of Chem- course in chemistry, The. WILLIAM 
the oxidizing power of. Rosert C. istry Teachers: 300 
Brastep pene 442 Articles Plant growth regulators, Hormones. P. W. 
a Nitrite and sulfamate ions in qualitative Analytical chemistry—how it should be MIEN iicct\nccnpscechdcenreycomenie 113 
1 analysis, The detection of. Ronert C. taught. Raymonp W. BReMNEeR....... 391 Plastics, Lecture demonstrations with the 
é Brasren Lin 592 Importance of a liberal outlook, The. newer types of. R. Exsert Davis, James 
Nitrous acid, The effect of, on the oxidizing 334 E. Brey, ann L. Reep Brantiey........ 654 
n.. 2 power of nitric acid. Roperr C. Lecture demonstrations with the newer Plastics, Sodium-fusion tests on. Howarp 
N BRASTED 442 types of plastics. R. Davis, 97 
134 Reep 654 Playing cards, Valence and formulas taught 
im- from the life of chemist. Pan Power of A. J, Polarographie diffusion current and the 
. 100 496 height of the mercury reservoir, The 
388 Notre Dame University, Teaching nuclear Sequence of topics in a beginner’s course, D. Grexcm 
chemistry at. H. Hamm, The. Karot J. Mysets CHARLES Polymerization 
4 | Novel introduction to atomic structure,’ A 440 Staudinger, 120 
$22 Use of lantern slides in undergraduate Power of microanalysis, The. A. J. Haa- 
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spectrophotometer. ANTON B. CaRLsoN 
A. S. Ayers, AND CHarites V. BANKs.... 
Prelog, Vladimir. RatpH E. O€sper...... 
—See Frontispiece, November (P) 
Preparation of 2-bromonaphthalene, The. 
Wintnrop C. Harry M. 
Doukas 
Preparation of tertiary amines, A simple 
method for the. Gerorce B. BUTLER AND 
Pressure regulator, A GerorGE 


Priestley Centennial, Men of the. William 
K. Kedzie from Kansas. Sister Mary 
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Primary standard, The use of unweighed 
iron wire as a. Cerota, Mat- 
co.m J. Rogers, anp Leo K. YANowskI 
Proceedings—See Pacific Southwest Associa- 
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Professional training of chemists, The role 
of the liberal arts college in the. Harry 


overhead, and _ chemical 
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Promoting research in the Southeast. A 
progress report. JoHN R. Sampey.... 
Protein, The molecular weight of a. Sicrrep 
Pummerer, Rudolf. 
—See Frontispiece, May (P) 
Punched cards in the teaching of qualitative 
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QUALITATIVE analysis 
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Qualitative analysis, The detection of nitrite 
and sulfamate ions in. Ropert C. Brastep 


Qualitative analysis, The use of fluorescence 
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ate paper in. JoHN A. LUNDIN........ 
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A scheme for the. Max S. DuNN anpD 

Qualitative organic analysis, The use of 

punched cards in the teaching of. JoHN 
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aviation chemistry, An introduction to. 
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Radioactivity in the first course in college 
chemistry, Experiments on. CuHares A. 
Brown and E. G. Rocnow............ 
Radiochemistry 
Nuclear transformations................ 
Radiochemistry, Teaching, at Massachusetts 
Institute of Technology. CHartes D. 
Coryett AND JoHN W. Irvine, JR......... 
Radioisotopes, Courses in, at the Oak Ridge 
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mechanisms of the. Louis ScHMERLING 
Reaction rates, Coulomb’s law and the quali- 
tative interpretation of. Epwarp S. Amis 
Recent advances in fluorine chemistry. 
Recent advances in the chemistry of zir- 
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Reid, Emmet E. 
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Ring systems, simple, Stereochemistry of. 
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Role of the liberal arts college in the pro- 


fessional training of chemists, The. 
Rotational training assignments in the 
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Rubber plus chemistry. Harry L. Fisuer.. 
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Sacrep cow, On the horns of the. ANTHONY 
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Gem-testing ......... oe 
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Science and education. Ernst A. Haven. 
Science exhibits. Louris PANUSH............. 
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Scientific literature cited by Russian or- 
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Scientific method 
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Scientific method in the first course in chem- 
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chromatography, The. Wit S. 
Loach AND CHARLES DRINKARD............ 46) 
Sequence of topics in a beginner’s course, 
The. Karot J. Mysets anp §, 
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Sertiirner, Friedrich Wilhelm, the discoverer 
of morphine. Gerorc LocKEMANN......., m 
Service to industry, A. JoHN B. CaLKIN.... 94 
Silicates, Molecular models of, for lecture 
demonstration. K. Noyce..... % 
Silver deposited on glass, A method of de- 
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Simple magnetic stirrer, A. Epwarp Konn. 15 
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Sodium flame test, A quantitative. C. C. 
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Southeast, Promoting research in the. A 
progress report. JoHN R. Sampey...... 2 
Spectrometry 
Molecular 
Spectrophotometer, Beckman, Desk and 
power supply for the. Anton B. Cart- 
son, A. S. Ayers, Cuartes V. Banxs 2% 
Spectrophotometry 
Spectrum, Chemistry and the, before Bunsen 
and Kirchhoff. Titmon H. Pearson 
Spring, Walter, an early physical chemist. 
Fastan Lionertt AND Mitton Macer..... 
Standards 
Keeping properties of certain volumetric 
Unweighed iron 
Statistics 
Criteria for the rej of m re 
Staudinger, Hermann: Thirty years of 
macromolecules, Quarues...... 12 
—See Frontispiece, March (P) 
Steam-bath evaporations, Quicker. 
Steel, Panorama of. CHares M. Parker... % 
Stereochemistry of simple ring systems. 
JOHN FIGUERAS, 14 
Stirrer, A simple magnetic. Epwarp Konn. 15 
Stirrer assembly, An improved. Joxn T. 
Stoll, Arthur. E. 4 
—See Frontispiece, January (P) 
Stopcock lubricants. Maxey 
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Student experiments on ion exchange. Sic- 


§ulfamate ions in qualitative analysis, The 
detection of nitrite and. JRosert C. 


Sulfur, Solubility of: 


search project. Maxey BRrooke.......... 
Support for compressed gas cylinders. R. S. 
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Symposia 

Nuclear chemistry...... aking 


Archaeological chemistry................. 
What the chemist should bring to his 
European chemical developments in the 
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Syrian coppers and bronzes, Ancient. 
J. Brawwooo, JosepH E. Burke, 
H. 


Jescuinc aid, The lanthanide contraction 
Teaching amino acid 
Patton 


Teaching languages research 
students. Euron HOcKING............... 


Teaching nuclear chemistry at Notre Dame 
University. H. Ham, Rus- 
seu. R. Jr., aNd Ropert H. 

Teaching of science, An historical approach 
to the. Leonarp K. NasSH............... 

Teaching radiochemistry at Massachusetts 
Institute of Technology. CuHaries D. 
Corvet JoHN W. Irvine, Jr......... 

Teaching techniques 
Accenting observations................... 
Analytical 
Electrochemistry in the freshman course 
The lack of natural philosophy in our 

On the horns of the sacred cow........ ‘ 


Technetium—Element 43. J. C. Hackney.. 
Temperature-equilibrium demonstration, A. 
Testing the outcomes of chemical education. 
Beatrice Levy. 
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Advanced organic chemistry. "Reena Cc. 
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592 


528 


146- 


175 


Tests 
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College testing program 
Evaluation of achievement 
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Thermal conductivity of gases, An experi- 


ment for measuring the. Harry W. 

Thermochemistry 

Misunderstanding of Hess’ law.......... 


Thermochemistry, Germain Henri Hess and 
the foundations of. Henry M. Leices- 
Thermodynamics 
Free energy approach to unary systems.. 
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Thesaurus, An automatic rating, of physical 
chemistry questions. R. A. CooLey 


Thickness of silver deposited on glass, A 
method of determining the. Luoyp S. 

Tiffany & Co., The gem-testing laboratory 
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—See Frontispiece, October (P) 
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Use of a drill press for boring holes in 

stoppers, The. W. B. Srenc.e.......... 
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Use of lantern slides in undergraduate or- 
ganic chemistry, The. Norman 
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Use of punched cards in the teaching of 
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GLocKLeR AND ALEXANDER I. Popov........ 
Vanadium, Nils Gabriel Sefstrém, and the 
discovery of. 
Vapor diffusion methods in qualitative and 
quantitative analysis. Horatio Hucues. 
Vapor pressure 
Clausius-Clapeyron equation............. 
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Volumetric analysis, 
the inventor of. 
Volumetric solutions, Keeping properties of 
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Werner, Abraham Gottlob (P)..... 
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What the chemist should teins to his pro- 
Session 
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Zxcontum and hafnium, Recent advances in 
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Applied nuclear physics. Second edition. 
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Atomic-molecular theory, The. Leonarp K. 
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Translator 


Atomic power, Economic aspects of. Sam 
H. Scourr aNp JacoB MARSCHAK.......... 
Atomic spectra. Second edition. R. C 
Atomic weapons, The effects of. SamueL 
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Basic organic chemistry. J. Rae ScHweNcK 
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Biology of proteins, Chemistry and. Fer.tx 

Biophysics and chemistry, Prog- 
ress in. Vol. I. J. T. Ranpaut anv J. A. 
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Carotenoids. Karrer AND ERNEST 
Cellulose acetate plastics. Vivian Sran- 
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Chemical engineering cost estimation. 
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Chemical engineering reports. Third edi- 
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Chemical thermodynamics. Irving M 
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Experiments, Simplified chemistry. ARMAND 


Fiat review of German science, The Ameri- 
can, (1939-1946). Vol. 34: Theoretical 
organic chemistry. AND 
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Grorce H. CoLeMan, Wawzonex, 
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Add this beautifully illustrated book to your chemistry library .. 


The CHEMICAL ARTS 
OLD CHINA 


by 
Li Ch’iao-p’ing 
Professor of Chemistry 


National Northeastern University 
Mukden, China 


If you are a lover of beautiful books—and 
achemist besides—you’ll want to add a 
copy of The Chemical Arts of Old China to 
your personal chemistry library. You and 
your family will cherish this exquisitely de- 
signed and illustrated book. 


Included in The Chemical Arts of Old China 
are copiously illustrated chapters on al- 
chemy, metals, salt, ceramic industries, 
lacquer and lacquering, gunpowder, colors 
and dyes, vegetable oils and fats, incense, 
essential oils, and cosmetics, sugar, paper, 
lather and glue, soybean products, al- 
cholic beverages and vinegar . . . plus an 
appendix showing the dates of the Chinese 
Dynasties, and a list of Chinese weights 


and measures. 


56pen and brush drawings, and 22 halftone 
plates illustrate the ancient Chinese meth- 
ods of producing salts, glazing porcelain, 
preparing gunpowder, manufacturing inks 
and dyes, preparing maltose, making paper, 
distilling spirits, etc. 

Whatever your particular interest, you will 
fnd much to delight and intrigue you in 
Professor Li’s book. Artistically designed 
cover and endpapers, English and Chinese 
title pages, and numerous illustrations, all 
contribute to the beauty of Zhe Chemical 
4rts of Old China, and to your reading 
pleasure. 


29 pp. $5 .00 (postage prepaid) 
($5.50) Foreign 


Sweeping the salted ash in- 
to heaps after the sea water 
has evaporated. 


Working the drainers for 
the preparation of concen- 
trated brine. 


Final crystallization of the 
salt. 


Order your copy today from 


— CHEMICAL EDUCATION PUBLICATIONS 


2077 NorTHAMPTON Sr. 


Easton, Pa. 
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1. Forwarding Address. Papers intended for publication in 
the JourNAL or CuEmicaL Epucation should be submitted to 
Norris W. Rakestraw, Editor, Scripps Institution, La Jolla, 
California. 

2. Manuscript. The manuscript submitted should not have 
been published elsewhere. The work of the editorial office is 
facilitated and better service is assured the author when dupli- 
cate copies (the original and a carbon) are submitted. Typing 
of both text and references should be double-spaced, with 2-3 cm. 
margins. The title of the article should be followed by the name 
and business or institutional address of the author. If the paper 
has been presented at a meeting, a footnote giving name of the 
society, date, and occasion should immediately follow the author’s 
name. The usual editorial customs, as exemplified in the most 
recent issue of the Journat should be followed as closely as 
possible. 

Galley proof of each article will be submitted to the author. 
This proof should be carefully corrected and returned promptly 
to the Editor’s Office. Page proof will not be submitted. 


3. References and Footnotes. In historical and biographical 
articles and in papers containing only two or three literature 
references it is desirable that the references be handled as foot- 
notes. Such references should be designated by superior num- 
bers and the reference itself should be placed in the body of the 
text immediately following the citation and set off by rules. 

In articles of the scientific review type each reference to the 
literature should be designated by a number, in italics (indicated 
in a typescript by a single underline) and enclosed in parentheses, 
corresponding in size with the body of the text and set in the line 
of reading matter. All the references are to be assembled, ar- 
ranged numerically, and placed at the end of the article under the 
heading, Literature Cited. The numbers in parentheses are to 
be placed flush with the margin and if the reference exceeds one 
line, the succeeding line or lines should be indented. The lists of 
references should be typed, double-spaced. 

When specific citations of previous literature are not made 
but when it seems desirable to append a general bibliography, 
it is preferable that arrangement be made alphabetically on the 
basis of authors’ or senior authors’ names. 

A reference to a periodical should include, in the order named: 
(1) author’s name, (2) name of periodical (use of standard 
abbreviations designated in the ‘‘List of Periodicals Abstracted 
by Chemical Abstracts’’), (3) volume number, (4) page (give exact 
page number at which the point cited is to be found or, if 
the entire article is the reference, give the page numbers inclu- 
sive), and (5) date of publication. 


Example: 


(1) Kraus, C. A., ano C. L. Brown, J. Am. Chem. Soc., 52, 
3690-6 (1930). 


A reference to a book should include, in the order named: (1) 
author’s name, (2) title of book (enclosed in quotation marks), 
(3) edition, if more than one, (4) name of publisher, (5) address 
of publisher, (6) date of publication, (7) volume number, (8) 
pages (give exact page number at which the point cited is to be 
found). 


Example: 


(1) Couen, J. B., “Organic Chemistry for Advanced Students,” 
5th ed., Longmans, Green and Company, New York, 1928. 


NOTICE TO AUTHORS 


References to explanatory notes such as (1) occasion on which 
paper was delivered, (2) acknowledgments, (3) definitions of ob- 
scure or unfamiliar terms, (4) changes in address, etc., are to 
be designated in the text by superior numbers in sequence with 
other footnotes in the article. Such a footnote should be inserted 
as a separate line (or lines) immediately following the word to 
which it refers and should be separated from the text by lines, 


4. Illustrations. Not all articles lend themselves to illustra- 
tion, but articles which do should be accompanied by as many 
pertinent illustrations as possible. The best possible selection 
of illustrations available will be made by the editorial staff. 
As a rule, apparatus, particularly if complicated, is best presented 
by means of line or working drawings. Photographs are some 
times sufficient, however. When both can be obtained, it is 
generally desirable to include both with the manuscript. Unless 
lettering can be done by one of the mechanical devices it should 
be in pencil only. 

Photographs should have a gloss finish and should be at least 
post-card size—larger, if possible. Only prints which are un- 
blurred and which show sharp contrast between light and dark 
areas can be satisfactorily reproduced. Authors should exercise 
scrupulous care in crediting photographs which require credit. 

Line drawings should be carefully prepared in black India ink 
on plain white drawing paper, blue tracing cloth, or blue-lined 
coordinate paper twice or three times the size desired in the 
printed cut; it is convenient, when permitted by the scale re 
quired, to have them the size of the manuscript. 

For graphs coordinate paper should be printed in blue only, 
with the important coordinate lines ruled over in black; the black- 
ruled square should in general not be less than ten millimeters on 
a side; the lines of the curves should be the heaviest, except 
the frame; points on the curves should be indicated by true 
circles, not crosses. All lines, legends, numbers, and letters 
which cannot be set in type at the margin of the cut but must 
constitute a portion of the cut itself are to be so proportioned 
that they will be clearly legible in the cut. The numbering of the 
coordinate axes, the number of the figure, and any necessary 
explanations of the figure should be printed in pencil in the 
margin of the sheet, as they are usually set up in type rather than 
reproduced from the drawing. Typewritten designations are not 
black enough to reproduce satisfactorily. Where lettering can- 
not be done adequately, designations left in pencil can be taken 
care of in the editorial office. 

Tables should be inserted in the body of the manuscript at the 
proper place. 

All photographs, line drawings, and tables should be provided 
with self-explanatory titles or legends. Each illustration should 
be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled “Chemical Drawing” [“I. Fundamentals of 
chemical drawing,” J‘ Cuem. Epvuc., 11, 21-3 (1934); “IL 
Conventional representation of materials and equipment,” ibid., 
11, 23-7 (1934); “III. Arrangement of drawings,’’ ibid., 11, 
154-8 (1934); “IV. Charts, graphs, and diagrams,” ibid., 11, 
235-41 (1934); “V. Photographs,” ibid., 11, 546-50 (1934).] 

5. Reprints. A reprint price list is printed on the reverse side 
of the order slip which accompanies galley proofs. Special rates 
for reprints in 6” X 9” page-size may be had upon application t 
the Business Manager, Mack Printing Co., 20th and Northamp- 
ton Sts., Easton, Pa. 
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Two Well-Balanced Modern Texts in Organic Chemistry 
to Meet the Needs of Every Basic Full Year Course 


By Carl R. Noller -------- 


Both of these texts employ a unique functional ap- 
proach—an approach that blends theoretical with prac- 
tical organic chemistry in a manner highly satisfactory 
to student and teacher alike. They differ only in 
that the shorter book was abridged from the larger, 
for use in less rigorous courses. 


Although he discusses compounds primarily in the 
light of the theory of gross structure, Dr. Noller has 
placed considerable emphasis on current explanations 
of physical properties and the mechanisms of reactions. 
Both books, as a result, possess a balance that has 
these distinct advantages: 


1. The student attains a genuine understanding of 
the subject, because he learns facts of gross struc- 
ture as a consequence of learning theory. This ap- 
proach is a good answer to the common complaint 
of “too much memory work.” 


2. Student interest is greatly stimulated by the in- 
sight gained, in this way, into the mechanisms of 
reactions. 


CHEMISTRY OF 
ORGANIC COMPOUNDS 


Truly comprehensive, this text includes all the ma- 
terial contained in the smaller book plus many more 
compounds and more information on mechanisms; on 
the history, applications, and economic importance 
of compounds; and on special topics of current in- 
terest. It is ideal as a text for students majoring in 
chemistry or allied sciences—for all who. need a 
thorough, detailed treatment of the subject. 


885 pages, 6” x 914”, illustrated. $7.00, 


Published by 


West Washington Square 


Professor of Chemistry, 
Stanford University 


3. Emphasis on mechanisms, since it is entirely in 
step with present trends, better orients student 
for advanced courses and for postgraduate work in 
the field. 


The order of presentation is as follows: monofunc- 
tional aliphatic compounds; monofunctional and poly- 
functional aromatic and heterocyclic compounds; and 
polyfunctional aliphatic compounds. No compound 
is used in methods of preparation or in reactions un- 
less its structure has been previously discussed. 
The economic importance and industrial uses of com- 
pounds receive more than usual attention. 


Portions which deal with mechanisms or which are 
considered of a supplementary nature are printed in 
smaller type, and hence are readily distinguishable. 
The text matter is arranged and cross-indexed in such 
a way that sections or whole chapters may be omitted 
—or their sequence altered—without impairing the 
books’ usefulness. 


for the standard basic course 


TEXTBOOK OF | 
ORGANIC CHEMISTRY 


This is a careful abridgment of the longer text. The 
author has omitted certain compounds, some of 
the explanation of mechanisms, and other advanced 
material considered unnecessary for the regular basic 
course. He has maintained very satisfactorily, how- 
ever, the excellent balance between theoretical and 
practical organic chemistry and the same workable 
teaching continuity. 

643 pages, 6” x 934”, illustrated. $5.75. 


W. B. Saunders COMPANY 


Philadelphia 5 
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To all our many friends we extend sincere best wishes 


for a joyful holiday and a prosperous 


New Year. 
We at Nylab have enjoyed the pleasant relationship 


that has characterized our dealings with both 


our customers and suppliers. On this glad 


occasion we are indeed happy to 


greet you. 


76 Varick Street New York, N. Y. a 


Many RARE Inorganic Chemicals 


are available .. . 
— SEND FOR LIST — 
AMEND DRUG & CHEMICAL Co., INC. 


117-119 East 24th Street New York 10, N. Y. 
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... With the NEW 


BUCKMAN LAB., INC., 
Memphis, Tenn., rec- 
ommend it! They say: 
A brief abstract is 
often unsatisfactory. 
To copy by hand is 


very time-consuming. 
Contoura solves these 
problems; is easily 
carried in a briefcase, 
costs 5c-10c per page. 
Little skill is required. 


| CHEMISTS Everywhere Can COPY ANYTHING Anywhere 


s 
End drudgery of long- Contoura-copy (1) 
hand-copying ut 


Portalle PHOTO- COPIER © proof-redding "notes. @ removing from drawing 


TRULY PORTABLE! Only 4 lbs., it fits in briefcase or desk 
drawer. Use it anywhere! @ snd aticles ere letter @ sk sketches, or (3) full 


, need no check- 
COPIES ANYTHING written, printed or drawn up to 8144"x 14". @ 1. 


CLEAR COPIES only 7¢! Reproduces tightly bound pages, too, e 
espite curved binding! 
NEEDS NO DARKROOM; make exposures under normal arti- * 
ficial light; develop prints, at leisure, i in standard photo chemicals. le 
ELIMINATES DRUDGERY and inherent errors of long-hand- 
copying, typing and proof-reading! * 
USERS everywhere say Contoura affords time and money savings ° 
they never thought possible! Models as low as $39.00 ii 
* company record es Contoura-copy ex- 
Write for FREE Folder Today fight Kom 5° 
Lt notebook, long non-circu 
F. G. LUDWIG Associates © without lasing © 
50 Pease Rd. Woodbridge, Conn. © Sed readings. © company. * 


-THERE’S NO “Tk” ABOUT 


BALAnces 


Many technicians are trying to maintain high 
standards of analytics by using obsolete or in- 
accurate balances that are not capable of fast, 
efficient, reproductive results. AND assures 
dependable, accurate, results. 


Try the “2 Way’ test 


1. Compare the ease of operation and quick re- 
sults obtainable, that only Bp exclusive 
features offer. 

2. Compare the modest price with any other 
balance tendered today. 


t = 
Type AN-2012 . . $290.00 == 
1/20 mg sensitivity 200 gram capacity 


"D408 Potter Avenue, New Rochelle, N. Y. 


my own “2 way” test: of the @y> balance in our laboratory. 


_ AMERICAN BALANCE CORP. 


i 
I would like to have a free trial opportunity to conduct 4 


408 POTTER AVE., NEW ROCHELLE, N.Y. 
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SEMI-MICRO APPARATUS 


IMPROVED WACO SEPARATOR 
The new WACO is faster... has a little 
more power for quicker starting. Inter- 
changeable holders for 75 mm. or 100 
mm. test tubes. It’s SAFE for student use! 


No. CE-2314-M. WACO separator. 
For 110 V. 60 cycle. CAST ALUMINUM 
HEAD. With removable tube holders 
for two 100 mm. and two 75 mn, test 
tubes (other selection is permitted). 


Each $41.25 


ENO WAITING 
The tenth student need not wait ten mirutes 
. the WACO permits quick stopping 
through slight palm pressure! 


At the price: they class as 'Non-Returnables”! 
HAND FINISHED Spatulas, perfectly shaped for Semi-Micro 
Qualitative and Organic Chemistry. WACO Monel Spatulas are 
nicely balanced, permanent pieces. Glassware breakage is reduced, 
as scratching is eliminated. 
No. CE-7027. WACO Mone! Spatulas, 175 mm. long, blade 23 5 
mm. tapered to 3 mm. width. Slightly dished tip to hold crystals. 


Bottom rounded. In 100 lots. 20¢ each. $2.50 per doz. 


Beautiful ... reagent resisting . .. strong, Styrene Plastic! Your stu- 
dents take real pride in their own set ... and this stimulation of in- 


terest, through use of this NEW modern tray, means much! 


No. CE-7905. WACO Plastic Tray. For 14 Dropper bottles 15 ml. 
Bach. 55 


No. CE-7905-B. For 12 bottles, 30 ml. Each.......... 55¢ 
% Write for NEW folder ‘'CEJ” listing the supplies you need 


for each text book. Makes ordering easier. 


LABORATORY SUPPLIES AND CHEMICALS 


WILKENS ANDERSON CO. 


4525 DIVISION ST CHICAGO 51 ILLINOIS 


EFFECTIVE 


HEATH 
TEXTS 


HOPKINS AND BAILAR 
General Chemistry for 
Colleges, Fourth Edition 


Content stresses the importance of chem- 
istry in modern life. Distinctive new for- 
mat makes for easy reading. With labora- 
tory manual, LABORATORY AND CLASSROOM 
EXERCISES IN GENERAL CHEMISTRY, SIXTH 
EDITION, by Hopkins, Moeller, and Tamres, 


FIESER AND FIESER 
Organie Chemistry. 
Second Edition 
Detailed revision has brought this popular 
text completely up to date. Changes in 
topics have been determined by the latest 
research. 


Textbook of Organic 
Chemistry 
A brief text for the one year course, pro- 


viding a solid foundation of fundamental 
fact and theory. 


MeBAIN: Colloid Science 


This comprehensive introduction highlights 
a new systematic approach and synthesis, 
stating simply all concepts and present 
trends. 


OELKE: Semimicro Qualita- 
tive Analysis 


A real tool for the.student, classroom- 
tested for eight years. Part I contains 
chemical theory; Part II, laboratory direc- 
tions and applications. 


D.C. HEATH AND 
COMPANY 


Sales Offices: 
NEW YORK CHICAGO ATLANTA 
SAN FRANCISCO DALLAS 


Home Office: BOSTON 
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Type Separatory 


Squibb type separatory funnels with 
delivery stems of larger inside diameter 
are being produced by Kimble Glass, 
Division of Owens-Illinois Glass Company. 

The larger diameter of the stem permits 
the column of liquid in the stem to break 
and drain out after the stopcock is shut 
off, thus facilitating recovery of the liquid 
in the stem. It is not necessary to empty 
the funnel and then open the stopcock to 
obtain this volume. Quantitative separa- 
tions are more easily and completely ob- 
tained. 

In addition to this feature, Kimble 
Squibb type separatory funnels are made 
with larger neck openings and with more 
gradually sloping shoulders. Since all 
sizes hold a considerable amount of liquid 
over the nominal capacity, safer manipu- 
lations are permitted. Both these fea- 
tures permit easier cleaning. Stopcocks 
and stoppers are of standard taper. 


Electronic Parts Catalog 


Allied Radio Corporation of Chicago 
announces the release of a new 1952 
catalog containing comprehensive listings 
of radio, television, and other electronic 
parts and equipment for classroom, labora- 
tory, and shop. A 212-page publication, 
it is said to be the largest catalog of its 
kind. Special emphasis has been placed 
on the selection of books, materials, train- 
ing kits, test instruments, parts and equip- 
ment required by schools for their radio 
and electronics training activities. 

The new Allied catalog has an expanded 
section on portable Geiger counters for 
X-ray and radioactive ore detection in 
health-hazard applications in laboratories, 
hospitals, etc. 

An extensive rotogravure section is 
devoted to electronic sound equipment for 
a wide variety of school applications; 
especially prepared data for the proper 
selection of amplifiers, publie address 
equipment, and intercommunication sys- 
tems for use in classrooms, lecture halls, 
auditoriums, and outdoor stadiums are 
included. The “8 to 80 watt” Knight 
line of public address amplifiers is guar- 
anteed for one year. 

The complete section on recording 
equipment lists the latest disc and tape 
recorders made by the country’s leading 
manufacturers in the field. All necessary 
recording accessories also are listed. In 
addition, the catalog offers a complete 
selection of FM-AM receivers and tuners, 
new television units for fringe area re- 
teption, communications receivers, and 
Phonographs and accessories for all present 
types of records. 


The 1952 catalog will be sent without 
charge upon request to Allied Radio 


Corporation, 833 W. Jackson Blvd., 
Chicago 7, Tl. 
New Organic Chemicals 


The saturated aromatic amine piperi- 
dine (NH(CH,),CH2), which has not been 


available on the open market recently is 
again offered in small quantities for re- 
search and development purposes by the 
Eastman Organic Chemicals Department 


of Distillation Products Industries, Roch- 
ester 3, N. Y. 


This solvent, condensing agent, and 
component of quaternary ammonium 
salts was at one time a drum-quantity 
chemical until scarcity of catalyst nickel 
made commercial production economically 
unfeasible. As offered by Eastman, it is a 
colorless liquid with an ammoniacal odor 
and high purity, as indicated by its narrow 
boiling range of 104-106°C. 

‘Two other new Eastman Organic Chem- 
icals were announced at the same time as 
additions to Eastman’s list of over 3400 
organic compounds for research. These 
are iso-caproamide ((CH;)sCH(CH:). 
CONH:), consisting of nearly odorless 
white flaky crystals melting at 118-120°C., 
and 2-amino-6-methy!benzothiazole (CH:;- 
CsH;SC(NH,):N), consisting of fine white 


crystals melting at 136-138°C. The lat- 
ter is believed to have uses as a dye and 
drug intermediate, and both have general 
uses in organic synthesis. 


LABORATORY AIDS 


Shouldn't Be Without 


TYGON TUBING 


No one likes to work in the dark. That's 
why lab technicians everywhere prefer 
clear, flexible Tygon Plastic Tubing, the 
recognized world’s standard! They can 
see what goes on. They like the freedom 
from contamination worries, too, for 
Tygon is non-toxic. Its angle worm flex- 
ibility simplifies set-ups. Tygon Tubing 
can be thoroughly cleaned (even ster- 
ilized) easily and quickly ... makes for 
economy in use. Your laboratory supply 
dealer carries Tygon Tubing in stock in 
all popular sizes. Better put in a stock 
now. 


Tygon Tubing . 


require a primer. . 


SON PAINT 
Any lab looks better, serves bet- 
ter when equipment, walls and 
ceiling are painted with Tygon 
corrosion-resistant plastic Paint. 
Series “K” Tygon Paint is made 
from the same basic resins as 
- . doesn’t 
. goes on 


‘‘PROTECTO-GRIDS”’ 


Glass breakage costs mount up. 
A Tygoflexed “Protecto-Grid” in 
the bottom and on the drain 
boards of your laboratory sink 
will pay for itself very quickly. 
The soft, resilient Tygoflex cover- 
ing absorbs shock —saves valu- 
able glassware, reduces accident 


easily by brush or spray without 

any unconventional surface prepa- 

ration. The wide range of colors 

will meet almost any. decorative 

requirements. Ask your laboratory 

dealer about Series Tygon 
Paint. Try. it. You'll like it. 


U. s. 


hazard. The tough, long-wearing 
plastic shrugs off laboratory cor- 
rosives. “Protecto-Grids” are made 
in a range of sizes to fit all stand- 
ard laboratory sinks. Your labora- 
tory supply dealer can tell you all 
about them. 


PLASTICS & SYNTHETICS DIVISION ° 
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UNIVERSAL ADJUSTABLE r 


Tl 

filter 

LABORATORY STIRRER! 
tion 

proc! 

This medium duty universal adjustable stirrer can be held securely at any desired angle, by means of a is pr 
ball and socket lever arrangement. Both ends of the motor shaft can be utilized for stirring. The speed = 
of the unit is controlled by a rheostat. as 

OUTSTANDING FEATURES 

® One side of motor gives speeds from 0-500 r.p.m. page 

© Has a high torque when used at low speeds. ods | 

® Other side of motor gives speeds from 2000-5000 r.p.m. tains 

© Sturdy base will center vessels up to 12 inches diameter. ture 

® Combination V pulley, adjustable true running chuck, fits both high and tions 

gear reducing shaft. meth 

© 2inch propeller, 9 inch shaft, 29 inch supporting rod. A 

© Motor and rheostat, black instrument finish, with 6 ft. cord and plug. obtai 

® Universal Motor, fully enclosed, 110 V. 1/50 H.P., A.C. or D.C. 3a 

SPECIAL GLASSWARE 

We also maintain a modern glass blowing department for 4 5 7 20 Th 

special scientific and technical glass apparatus made to e by tl 

specifications and drawings. Press 

whicl 

from 


E. MACHLETT & SON 


ESTABLISHED 1897 
Laboratory APPARATUS » SUPPLIES + CHEMICALS 
220 East 23rd StreEET‘: New Yor« 10,N.Y. 


#77-834 


CHEMICALS| 


Selected Reagents Stand- 
ardized for PARR Bombs 
and Calorimeters 


Sodium Peroxide, calorific grade, for all peroxide 
bomb tests. Minimum assay, 96.0% Na2O2. Negli- 
gible sulfur. 


Potassium Perchlorate, accelerator for peroxide 
bomb tests, dried and screened through 100 mesh. 
Negligible sulfur. 


Benzoic Acid, thermal value standard for oxygen 
bomb calorimeters. Also, addition agent for peroxide 
bomb tests. Comes in powder or pellet form. 


Barium Chloride, sized crystals; 20 to 30 mesh for 
rapid sulfur determinations with PARR Turbidimeter. 


Gelatin Capsules, for holding liquid samples in 
combustion bombs. Heat of combustion and sulfur 
content reported on label. 


Order from your PARR Dealer or write to the factory 
for details and standard package prices. 


instrument co., MOLINE. ILLINOIS 


EST. 1899 © MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT | . 
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Analytical Filter Papers and 


The newest S&S catalogue of analytical 
filter papers is actually an invaluable ref- 
erence book containing essential informa- 
tion on chemical analyses and biological 
procedures. The handsome 36-page book 
is produced by Schleicher & Schuell, manu- 
facturers of American-made quantitative 
and qualitative filter papers. 

In addition to detailed descriptions of a 
complete line of such filter papers and use- 
ful accessories, the catalogue includes a 12- 
page reference table for filtrations in meth- 
ods of inorganic analysis. It also con- 
tains such important information as litera- 
ture references of Government publica- 
tions dealing with analytical filtering, 
methods for testing filter papers, etc. 

A copy of the S&S catalogue may be 
obtained by writing directly to Schleicher 
& Schuell Company, at their new head- 
quarters, Keene, New Hampshire. 


Mercury Trap 

The newest Chemiquip product, made 
by the manufacturers of the Chemiquip 
Pressure Snubber, is the Mercureceiver 
which is designed to trap mercury blown 
from manometers and achieve equilibrium 
readings in 10 seconds or less. This new 
laboratory aid also dampens surges and 
pulsations, filters actuating media, and 
prevents loss of mercury at normal operat- 
ing pressures. 

The Mercureceiver, made with the same 
precision details as the Pressure Snubber, 
is a moly or stainless steel container with 
threaded end fittings and porous stainless 
steel membranes. The container capa- 
city of 110 cc. for moly steel and 125 ce. 
for stainless steel is more than ample for 
all the mercury normally present in ma- 
nometer tubes. Flow capacity of the mem- 
branes is adjusted to control mercury at a 
rate proportional to the pressure differen- 
tial across the porous element. 


The Mercureceiver is equipped with a 
Porosity HX membrane capable of pre- 
Yenting passage of mercury from the ma- 
tometer at pressures under 17 p. s. i. 

er porosities are available on request 
for prevention of loss at higher pressures. 


When mercury is present in the con- 
tainer, the manometer will not return to 0, 
thus preventing incorrect readings. Mer- 
cury may be removed from the Mercure- 
ceiver by draining or by blowing back with 
an application of more than 25 p. s. i. pres- 
sure. The upstream side of the Mercure- 
ceiver is fitted with a porosity E membrane 
to prevent entrainment of mercury in the 
effluent gas or liquid and to filter the actu- 
ating media. Mercureceivers in- 
stalled at both ends of differential ma- 
nometers and at the open end of absolute 
manometers. 

For a complete detailed bulletin fully 
describing the properties and construction 


of the Mercureceiver, write direct to the 
manufacturers, Chemiquip Company, 6 


East 97th Street, New York 29, N. Y. 


oo Vacuum Processing Systems 


The F. J. Stokes Machine Company has 
published a new brochure on ‘‘Complete 
Vacuum Processing Systems.’’ The 12- 
page catalogue describes, pictures, and 
gives complete specification tables of 
many types of vacuum equipment widely 
used in industrial processes, in private and 
government laboratories, and in schools 
and universities throughout the world. 

These include: rotary and rotating vac- 
uum dryers, vacuum shelf dryers, freeze- 
drying equipment, impregnators, extrac- 
tion and solvent recovery apparatus, and 
vacuum pumps. 

A copy of Catalogue No. 715 is avail- 
able by writing to the F. J. Stokes Machine 
Co., 5500 Tabor Road, Phila., 20, Pa. 


built to 


STAND MORE 


KEWAUNEE 


LABORATORY EQUIPMENT 


Write today for free Kewaunee 
catalog, indicating whether in- 
terested in wood or metal con- 
struction. No obligation. 


ever have to take... 


We show you this picture of an actual 
demonstration merely to point out that 
Kewaunee doors are so strong—so ruggedly built 
—they support the weight of a man! 


This is typical of a// Kewaunee construction. Doors, 
drawers, and framing members are extra husky to keep 


your Kewaunee installation in top condition for years 
to come. And that’s just one more reason why 
Kewaunee Laboratory Equipment leads the 

field in technical excellence and value! 


J. A. Campbell, President 
5014 S. Center Street, Adrian, Michigan 


Representatives in Principal Cities 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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Hydrocarbon 


The importance of the pure Hydrocar- 
bon gases has grown steadily in the past 
few years. We now stock 11 of these 
gases in six different sizes of cylinders. 
The following are available for imme- 
diate delivery from our East Rutherford 
and Joliet plants: 


Butadiene—1,3 Isobutane 
Butene Isobutylene 
Butene 1 Methane 
Cis-Butene 2 Propane 
Cyclopropane Propylene 


Cis & Trans Butene 2 


Pure 


Oreanic 
Chemicals 


Over 2500 organic chemicals stocked 
for immediate delivery. Included are 
all the building blocks needed by the 
chemist in industry, the research labo- 
ratory or the university. 


The purity of each Matheson organic 
chemical is guaranteed by our strict 
laboratory controls. 


If you do not have our Price List No. 10 
in your files write for a free copy. 


THE MATHESON CO., INC. 


EAST RUTHERFORD NJ JOLIET ILL 


Photometers 


Klett-Summerson 


| 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


KLETT SCIENTIFIC PRODUCTS———— 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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BECKMAN. 


MODEL “N” 
pH METER 


e portable 
e rugged, compact design 
e easy to use 


, cents per hour! That’s all it costs to 
operate this new pH Meter which will give years 
of accurate, dependable service. Being battery- 
operated, you can use it anywhere! 


Note there are but four controls — placed for con- 
venient operation with the left hand, leaving the right 
hand free to manipulate the electrodes! Accuracy to 
0.1 pH unit is readily attainable in rapid, routine 
analyses; 0.05 pH unit with careful technique. 


Weighs less than lbs. 


The Beckman Model N pH Meter is available in two 
types; N1 (illustrated) for plant and “‘lab”’ use priced 
at $180.00 — complete with electrodes, etc., as shown, 
and N2 for field use, with specially-designed case, 
priced at $195.00 complete. Both have convenient 
carrying handles. Bulletin #263 sent on request. 


SCIENTIFIC GLASS 


APPARATUS CO.,Inc. 


BLOOMFIELD - NEW JERSEY 


_ LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE 


another fine 


e requires no fractional weights e 


accurate in performance 
rugged in construction 


An ideal chain balance for educational or general 
laboratory use. This instrument is designed 
with the same careful Voland engineering, 
standard in all Voland balances. This model 


is furnished with a Black Carrara Glass Base. 


Write For Circular CE12 


CAPACITY 


200 grams on each pan 


SENSITIVITY 
0.1 mg. with full load 
PRICE 
8240.00 
32 Relyea Place, New Rochelle, N. Y. 


and Sons: 


magnetically dampened 


MODEL 220D 


Balance with Notched Beam, Drum-Chain 
with Horizontal Vernier. Magnetic Damper 


Stocked by your Laboratory Supply Dealer 


Products of the Finest in American Ingenuity and Craftsmanship 
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Chemical 
Arts of 0 
Old China 


Li Ch’iao-P’ing 


“Indispensable, not only for 


chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators In 
. of museums, and merchants edit 
and you will who handle Chinese goods. . . . od 
* A truly attractive volume for forr 
discover all the all people of culture.”—Cien- pe 
cia e Investigacién, Buenos 
revolutionary Aires re 
new features of “A beck, wit 
HEVI DUTY design in this aces 
g trated. ... Altogether a splen- < 
did book for the doctor's 4 
HEVI DUTY MUFFLE FURNACE | 
Baltimore scr 
me! 
: Instruments and Controls operate at approximate room temperature “Professor Li is an expert in ove 
: . .. improved insulation design assures less heat loss and less power the field of ancient on inoee ae 
: consumption <a reversible and replaceable multiple units... chemurgy, and Professor Ten- ae 
§ Multi-Step Tap-Changing Transformer affords precise temperature ney L. Davis and the Journal di 
control . . . easy access to terminal board and control assembly. of Chemical Education are to “ 
Write for Bulletin LAB-849. be thanked for bringing this % 
book to the attention of Euro- im 
pean readers... . It is beauti- || 4 
fully illustrated, and is not rt 
only for chemists and tech- 
Temperatures to 1250° F. Temperatures to 2600° F. nologists but for all who are - 
A high speed centrifugal fan at rear of Heating elements are silicon carbide type interested in Chinese cul- o 
heating chamber assures rapid and uni- rods ing across ch above and ture.’’ — Naturwissenschaft- of t 
form heating of work. Two adjustable al- below refractory muffle. Can be used with liche Rundschau, Stuttgart be 
loy shelves are furnished for locating work or without protective atmosphere. Write d 
at different levels. Write for Bulletin for Bulletin LAB-250. -_ 
LAB-1049. “This book is unique in sub- in] 
ject and style, well printed, 
illustrated by many fine line Th 
drawings in the Chinese style to : 
: depicting the processes de- any 
: scribed. It is an addition to her 
the History of Chemistry.” ios 
—Journal of the American 
Chemical Society 
(Outside U.S.A. $5.50) $5.00 
Order from 209 
i 
Me HEVI DUTY ELECTRIC COMPANY CHEMICAL EDUCATION 
PUBLICATIONS re 
HEAT TREATING FURNACES HEVISBUery ELECTRIC EXCLUSIVELY 
| DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS Easton, Pennsylvania 
MILWAUKEE 1, WISCONSIN 
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« espectally recommended...” 


POLAROGRAPHIC 
METHOD 


OF ANALYSIS 


By OTTO H. MULLER, 
Associate Professor of 
Physiology, State University 
of New York Medical Center 
at Syracuse, Syracuse, N.Y. 


In this second revised and augmented 
edition, the author purposes “‘to present 
a simple account of polarography in a 
form which can be used by teachers and 
students in physical chemistry as well 
as in advanced courses in analytical 
The emphasis is on prin- 
ciples and the scope is descriptive rather 
than mathematical. It begins with an 
excellent review of electroanalysis, 
showing the relation of polarography to 
other electro methods. A brief de- 
scription of apparatus includes equip- 
ment constructable from parts readily 
available in many laboratories. Funda- 
mentals of quantitative and qualitative 
analysis and recent developments are 
discussed in some detail. Chapters on 
applications and suggestions for prac- 
tical polarography complete the book. 


A particularly good feature is the in- 
clusion of 26 experiments, and the 
graphs and tables of data obtained from 
them constitute the illustrative material 
of the text. These experiments could 
be undertaken with profit by anyone 
desiring an experimental indoctrination 
in polarography. 


The book is especially recommended 
to students, beginners in the field, and 
anyone desiring a brief but compre- 
hensive introduction of ‘the funda- 
mentals of polarographic measurements. 


Joun K. Tayior 
ANALYTICAL CHEMISTRY 


209 pp illustrated $3.50 


(Foreign $4.00) 


CHEMICAL EDUCATION 
PUBLICATIONS 


Please mention CHEMICAL EDUCATION when writing to advertisers 


MEET THE NEW 
POLARIZING 
MICROSCOPE 


@ STANDARD STRAIN-FREE 
OBJECTIVES AND EYEPIECES 


SIMPLE GRADUATED 
E ROTATABLE STAGE 
yery @ PINHOLE OR TELESCOPIC 
EYEPIECE FOR VIEWING 
INTERFERENCE FIGURES 


RYSTALLOGRAPHERS, chemists, pet- 

rologists . . . here is the laboratory and 
teaching instrument you have been looking 
for. It’s the AO Spencer P45 Microscope, 
suitable for powers up to 430X, numeral 
apertures up to 0.66. The built-in polarizer and 
removable body tube analyzer are of precision 
optical-quality polaroid. All standard AO com- 
pensators are accommodated. 


@ BUILT-IN ILLUMINATION 
WITH DISC DIAPHRAGM 
APERTURE CONTROL 


Although simplified in construction 
and operation, the P45 retains 
highest-quality AO Spencer optical 
and mechanical features through- 
out, See it at your first opportunity. 
You'll be amazed at the price—a 
fraction of the amount you would 
expect to pay. For further informa- 
tion, write Dept. Z67. 


American @ 


INSTRUMENT DIVISION + BUFFALO 15, NEW YORK 
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International Nickel Company, Inc., Research Laboratory, Bayonne, New Jersey 


ALBERENE 
FUME HOODS 


make Perchloric Acid 
handling safer! 


Want to reduce the worry in using perchloric acid 
in your laboratory analyses? Now Alberene Stone 
Corporation offers you fume hoods specially de- 
signed to reduce hazards in working with perchloric 
acid... specially designed to give you greater safety. 
And for prompt advice on any of your laboratory 
fume problems write to Alberene Stone Corporation 
of Virginia, 419 Fourth Avenue, New York 16, N. Y. 


Or better yet—visit our nearest Alberene branch office. 


FREE REPRINTS 
of an article giving helpful hints on 
safe handling of perchloric acid are 


yours for the asking. Just write today 
on your company letterhead. 


ALBERENE STONE 


Branches in Principal Cities 


The Desiccant” 


For Drying 
SOLIDS—LIQUIDS—GASES 


For seventeen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 


ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 

Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 
cant. Available in quantity for Industrial 
Processes. 

References 
(1) Ind. Eng. Chem. 25-653 (June, 1933) 
(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of Standards Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 
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MAXIMUM—MINIMUM 
REGISTERING 


DIAL THERMOMETER 


... with Push Button Setting 


10695-2 


Primarily designed for outdoor temperature indication, this 
highly accurate bi-metallic thermometer may also be used to 
record maximum-minimum temperature variation in drying or 
conditioning rooms, refrigerating rooms, greenhouses, ware- 
houses, or any location where temperature variation is of 
significant importance. 


HOW IT WORKS 


Rising and falling temperatures cause the pointer to move 
the high and low indicators to the temperature extremes 
where they are locked in position. under hair spring tension, 
by a ratchet mechanism. 


REMOTE PUSH BUTTON SETTING 


After observation of temperature variation, the indicators 
are pneumatically reset to present temperature by a yoke, 
operated by a rubber diaphragm and connected by vinylite 
plastic tubing to the push button. 

Locating the push button indoors or on the outside of a 
room allows resetting of the thermometer without the neces- 
sity of opening windows or doors. 


SPECIFICATIONS 


Range — 60 to 120°F. Weatherproof, Tenite plastic case, 
514” diameter x 17/16” depth. Clear ivory numerals and grad- 
uations on a green dial are easy to read. Glass crystal is 
held in place by chrome-plated brass bezel. Adjustable 
mounting bracket is of strong, rigidized stainless steel. Push 
button contro! is supplied with five feet of plastic tubing. 


\The CHEMICAL RUBBER CO. 


2310 SUPERIOR AVE. CLEVELAND 14. OHIO 


SCIENTIFIC EQUIPMENT * LABORATORY SUPPLIES 
ANALYTICAL CHEMICALS 


Please mention CHEMICAL EDUCATION when writing to advertisers 


Filter Papers. 
for 


Chromatography 


Paper partition chromatography has 
shown a dramatic advance as an ana- 
lytical tool of far reaching importance. 


WHATMAN Filter Paper No. 1 has 
been recommended by many workers; 
others have chosen No. 4 since it is 
more porous and the solvent travels 
faster through it. The acid washed 
grades are finding favor particularly 
when chromatograms are developed 
with ultra violet light while the 
hardened grades Nos. 50,52 and 54 
have advantages for some work. 


A relatively new development is the 
production of cellulose powder for 
column chromatography. This powder 
has a very low content of metallic ions 
and when properly packed is remark- 
ably free from channeling. 


Samples of filter paper and powder 
are available without charge, why not 
send for them today. 


H. REEVE ANGEL & CO., INC. 


New York 7, N. Y. 


52 Duane St. 
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BETHLEHEM PLURO-JAR 
Vewatile Desiceator 


AREVOLUTIONARY 
IDEA—an_ efficient 
Desiccator at one- 
third the price. 


For Crucibles— 
the unique 


Shelf. 


For Chemical, 
Biological and 
Metallurgical 


The PLURO-JAR 
is 7” high with Specimens of all 


Cloverleaf and 
Blat shelves 3” Patent applied for 
in diameter. 


Send for Bulletin PJ-15. 


BETHLEHEM APPARATUS COMPANY, INC. 
802 Front Street, Hellertown, Pa. 


there's an 
mutica 
FILTER PAPER 
for most filtration problems 


of science or industry 


As manufacturers of filter and absorbent 
papers we gladly place at your disposal 
our experience and skill in helping you 
select the proper paper for the problem 
confronting you. Or, ifanew 
kind of paper is indicated, chances are 
we can produce it for you. 
Call on us without any obligation. 


Jae EATON-DIKEMAN 


“MANUFACTURERS OF FINE FILTER PAPERS” 


Mt. Holly Springs, Pa. 


HELLIGE - DUBOSCQ 
COLORIMETER 


POSSESSING SURPASSING FEATURES OF 
CONVENIENCE, PRECISION AND DURABILITY 


For research work, routine 
_ analyses, and diversified appli- 
cations, the Hellige-Duboscq 
_ Colorimeter has proved its 
superiority in different branches 
of industry, engineering and 
science. It is also the ideal 
colorimeter for clinical tests as 
non-fading precision glass color 
standards are available for 36 
bio-chemical tests. One of the 
special features is the five-fold 
increase in the drum scales 
which permits 0.1 mm readings 
without use of a vernier. 


PROMPT DELIVERY 


HELLIGE, Inc. tone istano cry 


HEADQUARTERS: FOR COLOR STANDARDS AND COLORIMETRIC APPARATUS . 


|| Write for Catalog No. 250 


BUFFER TABLETS 


always fresh, always accurate 


PRECISE ... Coleman Buffers are accurate, because they are 
always fresh. These dry tablets can't deteriorate and change 
pH as liquids do... Certified Buffer Tablets are accurate to 
0.02 pH at all times... available from 2.00 pH to 11.80 pH 
in steps of 0.20 pH... each tablet makes 100 ml of buffer. 
CONVENIENT. .. You can store a wide range of Buffer tablets 
in a small space... have fresh, accurate buffer always at hand. 
ECONOMICAL . . . Low initial cost, and freedom from spoilage 
make Coleman Certified Buffer tablets the economical, depend- 
able way to use buffers. 


For full details write for Bulletin BB-205 
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Acenaphthylene; Acetobromoglucose; Acetonedicarboxylic Acid, 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cis- 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate; 
Adonidine; Alanylglycine; Alkaloids; 4-Aminopyridine; Amylase; 
Anserine; Arachidic Acid; Arachidonic Acid; 1!-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo- 
benzoxychloride; Carnosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Ceryl Alcohol; a-Chloralose, 8-Chloralose; p-Chioroanilidophos. 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circula- 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride; 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaldehyde; 
Dihydroxyacetone Phosphate; Diisopropyl Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucic Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco- 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo- 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
o-lodosobenzoic Acid; | bic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron- 

je; B-Mercaptopropioni cid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chloroethylamine; 8-Methylerotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthy! Red; WNeurine Bromide; 
Nitrosomethylurea; Nordehydroguaiaretic Acid; mic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; ium Amide; Sodium Fluoroacetate; Sphingomyelin; Sphin- 
gosine; Stilbamidine; Sulfaqui line; Tantal Chloride; o-Ter- 
phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; {8-Tocopherol; 
y-Tocopherol; 8-Tocopherol Phosphate; +-Tocopherol Phosphate; 
Trigonelline; Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 
DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y.— 
Telephone PLaza 7-6317 


AAR DRAB BARB BS BSB 


with the 
Crystalab 


DEEMINIZER 


Trade Mark © Pat. Applied For 


© Use Instantly 
No Plumbing 
© Portable 
© No Installations 
© Purity Indicating Meter 
© Equal to Triple Distilled 
lonic Purity 


° 


The Deeminizer is 


water produced. The 
million of impurities 


on the instrument dial. Use 
= where production line capacity 
DEEMINIZER—Model CL-5 DEEMINITE—L-10 
e . 
$39.50 each 6 Units $11.7 
F.O.B. Shipping Point Twelve Units $23.00) 


CRYSTAL RESEARCH 
LABORATORIES, Inc. 


MANUFACTURERS 
29 Allyn Street © Hartford 3, Conn. © 


TAP WATER IrEATED AND 
TESTED ALL IN ONE PORTABLE UNIT 


instantly the mineral ge of the 
are indicated 


U.S. A. 


Ash.Free Popers 


RELATIVE VALUES OF RETENTION OF 
S ANALYTICAL FILTER PAPERS 
Other Grades 


S & 


——— Shark Skin 


& 497 
o 


for purity and uniformit 


AMERICA'S FINEST ANALYTICAL FILTER PAPE 


Accurate Quantitative Analyses 
with S & S ‘‘Ash-Free’’ Series 


e Ash content equal to or lower than that of the best 
European double-acid-washed papers @ Ash content 
controlled by strict laboratory supervision ¢@ 8 grades 
from extra dense for the finest precipitates to soft for 
rapid filtration of gelatinous ppts @ Standardized to 
meet individual requirements in work of greatest ac- 
curacy @ Circle diameters 5'/2 cm to 18'/: em; weight 
of ash content minus 0.02 mg to minus 0.20 mg for the 
largest. 

For test samples, send information on indtvidual requir 


WRITE FOR LATEST CATALOG 


SCHLEICHER &« SCHUELL CO. 
Keene, New Hampshire 


ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


WE HAVE 


tory, and Industry. 


Service will assure you 
. Extra Savings. 


THE ELECTRIC 


OUR NEW CATALOG 


over 100 pages of completed details on Con- 
trolled Temperature Equipment for the Labora- 


Let us explain why FACTORY to YOU Sales“and 


JUST COMPLETED 


Prompt Deliveries and 


BROOKFIELD 
Synchro-Lectric 
VISCOMETER 


FLEXIBLE PLASTIC TUBING 


TOP QUALITY, MODERATELY PRICED 
Nalge’s Alanol flexible plastic tubing is 
tough, clear and chemically inert. Can be 
i in used for corrosive chemicals, alcohol, food 


easily as taking temperature. 
BROOKFIELD 
Counter-Rotating 
MIXER 


Two concentric, oppositely rotating 
aA A. up to 


scissor-like cuts per minute. 


products, beverages and oils. Sterilizable 
with steam, it is made of a Viny! Chloride 
Compound and stocked in 37 sizes from .120 
to 1 inch i.d., 170 to 1% inches o.d. Tem- 
perature range is minus 35 to plus 190 de- 
grees F. 

Ask us for prices and quantity discounts, 
they will show large savings over competi- 
tive products. Samples supplied. 


shafts, 
48,000 — 


Write for fully descripti 


eld 


The NALGE Company 


623 S$. Goodman St., Rochester 20,N.Y. 


Laboratory 
in 
Miniature 
INTERCHANGEABLE 
GLASSWARE ASSEMBLIES 
Send for Brochure ML-C 


ACE GLASS INC 


VINELAND @ NEW JERSEY 


FOREMOST IN STANDARD AND SPECIALIZED 
GLASSWARE FOR RESEARCH AND INDUSTRY 


-— DISCOVERY 


of the 
ELEMENTS 


Mary Elvira Weeks 


Nature’s primeval building materials, about ninety 
chemical elements, have been uncovered one by one 
through the ages by patient searchers in many lands. 
These discoveries are recorded for the most part in old 
chemical journals and letters, biographical dictionaries, 
and obsolete textbooks seldom read by the busy modern 
chemist. 


Present-day scientists are fortunate to have these scat- 
tered records now assembled in one compact, readable 
volume. Here for the first time the finding of the elements 
is told as a connected narrative. For the general reader, 
and for the chemist as well, scanning this book is like 
making a voyage through history, discovering many re- 
mote spots and elusive people. These fascinating ac- 
counts of scientific achievements not only inform the 
reader of momentous events but acquaint him with the 
life-stories of men and women whose indefatigable labors 


CHEMICAL EDUCATION PUBLICATIONS 


have made possible most of the material blessings which 
we enjoy today. : 

A vast amount of information, all of it intensely inter- 
esting and as accurate as painstaking research can make it, 
is packed within these covers. 330 illustrations, many of 
them rare, provide a panorama of chemical history and 
add greatly to the value of the book. 

“For the beginner in science there are few books 
more suitable for collateral reading. . . . To older 
readers, a veritable treasure-trove of scientific in- 
formation.’’"—Scientific Monthly 
“Unique in its class, scientific and broadly human- 
istic, scholarly and interesting.” —Tenney L. Davis 
“The author succeeds in presenting the tenseness 
which must have lain in the search for new ele- 
ments.” —Elementiér Matematik Fysik och 
Kemi 
“Fascinating reading. . . . The chemists, ancient 
modern, are made to seem alive.”—The 
Chemical Age 


“A treasure house for those who take pleasure in 
coming into intimate contact with the lives of great 
people. . . . It stimulates, encourages, and leads its 
readers on to a more careful study of science.” — 
The Science Teacher 


“Should be required reading for all college teach- 
ers. . . and on the reserve reading list of all other 
chemists."—Journal of American Chemical 


(Outside U.S.A. $4.50) $4.00 


20th and Northampton Streets, Easton, Penna. 
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EQUIPMENT 
APPARATUS 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


“GOLDFISCH” FAT EXTRACTOR 


Automatic release-and-seal features to speed your 
solvent extraction and reclaim high percentage of 
solvent, Used by 29 states in feed control work 
and by hundreds of diversified school and indus- 
trial laboratories. Made in 2, 4, and 6 capacity 
units, No change need be made in your present 
extraction methods—and you'll save time and 


solvent! 
WRITE DIRECT TO THE MANUFACTURER 
FOR PICTURES, PRICES, FULL DETAILS 


LABORATORY CONSTRUCTION CO. 
1113 Holmes Street e 


—CHEMICAL ABSTRACTS= 
wanted to buy for cash. 


Also—other scientific periodicals. 


ASHLEY-RATCLIFF CORP. 
24 East 2ist St., N. ¥. C. 10, N. ¥. 


Kansas City, Mo. 


For the Determination of Specific Gravity 


of 


Minerals—Gems—and other substances | 


Write for leaflet HL-C 


R. P. CARGILLE, 
118 Liberty St., 
New York 6, N. Y. 


Sturdy: Low Priced: Weight 12 Ibs. 
Easy to Learn: New Back Transfer 
Device Speeds Up Calculations 


Ask For Bulletin CQ-123 


SOLE DISTRIBUTORS FOR USA 


IVAN SORVALL, INC. 
210 FIFTH AVE., NEW YORK 10, N. Y. 


Unit Objective Tests in 
Organic Chemistry 
A limited number of some of 
these tests are still available. 
UNIVERSITY LITHOPRINTERS 
Ypsilanti, Michigan 


3, 4—Ben 
1,2,5,6, 
9, 2-Benzanthracene 


EDCAN LABORATORIES 
South Norwalk, Connecticut 


How OLD is 
Santa Claus? 


This particular Santa —the one 
you see on the Christmas Seals— 
is a very healthy forty-five! 

Yes, this is the,45th annual 
Christmas Seal Sale —a holiday 
custom that has helped save 
5,000,000 lives. Yet, tuberculosis 
kills more people than all other 
infectious diseases combined. 

So, please, send your contribu- 
tion today. 


BUY Christmas Seals/ 


BASIC MANUFACTURERS 
of analytically pure L4ISOLEUCINE, 
GLYCYLGLYCINE, L-PROLINE, 
HYDROXY-L-PROLINE L-ARGININE - HCI 
er AMINO A 


PREMIXED MEDIA FOR AMICROBIO- 

LOGICAL ASSAY OF AMINO ACIDS 
Send our cata’ 

H. M. CHEMICAL CO., LTD. 


ARE YOU LOOKING 
FOR A PUBLISHER? 


Our policy is to oF new, unknown writ- 
ers. If you are Zz, blisher of your 
laboratory manual, special textbook, sovel, 
scholarly work, poetry, et cn Somaee we can help 


you. rite for Free Booklet Address re- 


quest to Mr. Charles Jed 


Press, Inc., 230 W. 


1651—18th St., Sante Monica, Calif. 


IMMEDIATE 
DELIVERY 
from complete stocks 


Alkaloids 
Natural and Synthetic Amino Acids 


Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 
Heterocyclic Compounds 
Imines and Amines 
Metalorganics 
Pharmaceuticals 


Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 


Vitamins and Derivatives 


17 West 60th St.. New York 23, N.Y. 
Plaro 7-817) 


Please mention CHEMICAL EDUCATION when writing to advertisers 


On the job! 


Our volunteer speakers are 
saving thousands of lives to- 
day ...in factories and offices, 
at neighborhood centers and 
at organization meetings all 
over this land .. .showing peo- 
ple what they can do to pro- 
tect themselves and their fam- 
ilies against death from cancer. 


For information just telephone 
the American Cancer Society 
or address a letter to “Cancer,” 
care of your local Post Office. 


American Cancer Society 


CALS 
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| RANGE: 
1.2 to 7.5 SPECIFIC GRAVITY or The Chemist and Engineer Z 
| 
RSEY | l : 
LIZED | 
)USTRY 
| Vantage 
= 
39 


ELECTRONICALLY REGULATED 


LABORATORY 


"STABLE 
DEPENDABLE 
MODERATELY 


PRICED 


© INPUT: 105 to 125 VAC, 50-60 cy 

© OUTPUT #1: 200 to 325 VDC at 300 ma 
regulated 

© OUTPUT #2: 6.3 Volts AC CT at 5A 
unregulated 

© OUTPUT #3: 6.3 Volts AC CT at 5A 
unregulated 

© RIPPLE OUTPUT: Less than 10 milli- 

volts rms 
For complete information write for Bulletin H-2 


\ LAMBDA BLECTRONICS 


NEW YORK 


MODEL 32 
STANDARD 

RACK 
-MOUNTING 
PANEL SIZE 
1012” x 19” 
DEPTH 9” 

WEIGHT 38 LBS. 


CORONA 


OXYGEN 
INDICATOR 
0-21% 02 


CO, INDICATOR 
0-20% CO2 


For OXYGEN and CO, Analysis 


This newly-developed FYRITE Test Set comprises two separate indi- 
cators—one for direct CO2 analysis, the other for direct Oxygen 
analysis. Both instruments employ the fundamental principle of chem- 
ical absorption. The absorbing fluid used in each instrument is selective 
in its affinity for COz or Oxygen, respectively, and is not affected by 
the presence of other gases. The instruments are portable; require no 
setting-up, have no valves or leveling bottle to manipulate. They are 
packed in a compact carrying case together with a complete rubber 
aspirating assembly for connecting either instrument to the desired 
sampling point. 


For complete particulars write for Leaflet 700-342 


BACHARACH Industrial Instrument Company 


7000 Bennett Street ¢ Pittsburgh 8, Pa. 


COORS 


MORTAR ano PESTL 
MADE OF 
ALUMINUM OXIDE : 
I 
E 
E 
E 
C 
C 
C 
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@EASY TO GRIP 
OF 9 cross SECTION: bbe 
ring inset in base... 
agp The exclusive Non-Skid Feature E 
NON-POROUS which prevents slipping and F 
‘ also prevents marring of furniture tops 
@ POLISHED G 
GRINDING 
SURFACES Available in a variety of sizes. H 
Coors PORCELAIN COMPANY 
COLDEN, COLORADO H 
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Chemical Indicators 
Pa 
The familiar C & B trademark is your assurance Pr 
that the product carrying this mark Re 
(1) has been manufactured to meet the standards Rt 
and specifications stated upon the label Sa 
(2) has passed our specifications prior to packaging Sa 
and has been rechecked after packaging = 
(3) is backed by an organization which, for over | 
thirty years, has had as its primary aim the produc- St. 
tion of Laboratory Reagents of the highest purity. | 
C&B Products are distributed by kaboratory and qT 

Physician Supply Houses Throughout the World 
Write for copy of our catalog U 

THE COLEMAN & BELL CO., Inc., 

Manufacturing Chemists : Norwood, Ohio, U.S.A. Vo 


COLEMAN « BELL 
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Lab Equipment 
Custom-Gait Lab Equipment 
No molds are used to make acid-proof KNIGHT-WARE sinks. 
Each is specially built to meet your exact requirements. There are no 
joints, for each KNIGHT-WARE sink, its back, drainboard, apron 
and outlet is one solid piece. KNIGHT-WARE standard pipe and 
fittings are made for acid drain lines and fume ducts. Special fittings 
are made for difficult wall or floor situations. KNIGHT-WARE table 
troughs, receptors and neutralizing sumps also help to give you a 


maintenance-free laboratory. 


KNIGHT-WARE, a quality ceramic, is corrosion-proof throughout. 
The red brown finish is a fusion of the surface for appearance, not 
an applied coating for acid protection. A copy of KNIGHT-WARE 


Laboratory Equipment catalog No. 5-Y is yours for the asking. 


MAURICE A. KNIGHT 
212 Kelly Ave., Akron 9, Ohio 


2ud Edition. 


revised, reset and enlarged 


POLAROGRAPHIC METHOD OF ANALYSIS 


By OTTO H. MULLER 


This new edition has been completely re- 
vised, reset and enlarged to approximately 
twice the number of pages in the original 
edition. 


Perhaps nowhere else can be found the 
kind of comparison of different electro- 
chemical methods of analysis made by 
Dr. Miiller. Discussions are given in 
simple language of conductometric titra- 
tions and electrophoretic methods and 
their relation to electrolytic, potentio- 
metric, and polarographic methods. 


Various types of current observed in 
polarography (residual, absorption, migra- 
tion, diffusion, kinetic and catalytic) are 
treated extensively and each is illustrated 
by simple experiments which can be car- 
ried out in any student laboratory. Dr. 
Miller shows how to distinguish between 
all these types of currents and how to 
recognize diffusion, kinetic and catalytic 
currents by varying the drop-time or -size 
of the mercury electrode. 


The author has presented a new approach 
to the problem of polarization of an elec- 
trode which may have some value for 
student instruction. Detailed discussion 
of this problem includes directions for 
testing the non-polarizability of an elec- 
trode. 

Rather than enumerate a number of de- 
tailed analytical procedures, Dr. Miiller 
has given the principles on which these 
are based, with sufficient instruction to 
enable anyone to develop his own, or 
carry out a published analytical procedure. 
Following the given directions, no one 
should find it difficult to test the polaro- 
graphic reversibility of a reaction or to 
determine the coordination number of a 
complex metallic ion. 


Every experiment described in POLARO- 
GRAPHIC METHOD OF ANALYSIS 
can be carried out with the simplest of 
apparatus. Complete details for con- 
struction of such apparatus are given in 


the book. 
$3.50 


209 pp illustrated 


vases CHEMICAL EDUCATION PUBLISHING CO, == 


EASTON, PENNSYLVANIA 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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FOR SCIENTISTS EVERYWHERE 


ELECTRIC 
FURNACES 


BURRELL 


To you—the chemists, metallurgists and laboratory tee 
nicians with whom we have been privileged to work throug 
the years—belongs the credit for Burrell’s leadership agg 
supplier of electric furnaces for analysis, control and pr 
duction. You told us your needs; we developed apparatij 
to meet those needs. As a result of this cooperation, mami 
improvements have been made for easier operation, greatgy 
safety and dependable operation. Today, Burrell offers 
comprehensive a line of high and low temperature furnacg 
as can be found in any one source. 


= 


Unit-PackaGe Box AND MurFLe FurRNACES ai 
designed for either low or high temperature operation. 
a range from 600° F. to 2000° F., you can perform efficiently 
such functions as ashing, drawing, igniting, tempering 
Above 2000° F. and on into the high white, these versatil 
units are equally adaptable for such services as sintering 
melting, clinkering, fusing and high speed 
hardening. All are ruggedly built and easily 
operated. Temperature control is automatic. 
Burrell Bulletin No. 315 provides all needed 
data about five different models. 


BurrELL Unit Packace Tuse Furnaces are for determi 
ing carbon or sulfur in ferrous analysis and any othe 
similar procedures which require continuous operating 
temperatures up to 2650°F. Various models are offered @ 
answer individual requirements for limited use, average 
use or high speed production. All are self- 
contained and fully equipped furnace units, 
ready for connection to ‘your power supply. 
They are easy to install and simple to operate 
and will reward users with long, trouble-free 
service. Ask for Burrell Bulletin No. 310. 


BuRRELL CoMBUSTRON is a new high frequency induction 
heater for rapid determination of carbon-by-combustion 
analysis in steel. Accuracy with coarse, fine or pin-type 
samples has been proved by extensive tests. The Combustron 
is always ready for continuous or intermittent use. It is a 
self-contained, fully equipped instrument ready to plug 
into the power supply and put to immediate 
use. No pre-heat time is needed; you insert x, 
the sample and snap the switch. A one tube | 
model is offered for average use, a two-tube 

model for heavier production. Write for | === 
Burrell Bulletin No. 319. 


BURRELL CORPORATION 


2223 FIFTH AVENUE, PITTSBURGH 19, PENNSYLVANIA 


MANUFACTURERS AND DISTRIBUTORS OF SCIENTIFIC APPARATUS AND LABORATORY CHEMICALS 


JOURNAL OF CHEMICAL EDUCATION, DECEMBER, 195! 


Asa si 
ratorie 
develo 
lew al 
Handl 

Son 


ag 
| 
7 
eee 
* 
D 
* 
eee 
ee 
eee 
ee 
; Cod | 
ee 
eee 
eee 
=" 
= 
Z 
. 
j 
42 


duction 
bustion 
in-type 
yustron 
It isa 
o plug 


As a service to scientific and clinical labo- 
ratories, 
development and research has prepared a 
uew and informative book, Care and 
Handling of Glass Volumetric Apparatus.” 

Some of the subjects of vital interest to 


TOOAY! 


KIMBLE GLASS onto 


Division of Owens-Illinois Glass Company 


vision oF Owens-Mlin 


Kimble Glass after months of 


laboratories are: a short history and ex- 
planation of the metric system of weights 
and measures; how to clean apparatus; 
how to read the meniscus; how to fill and 
empty flasks, cylinders, burettes, pipettes ; 


gravimetric calibration; calculation of 


Kimble Glass, Division of Owens-Illinois Glass Company 
Toledo 1, Ohio 


Please send my copy of the new Kimble book, 
*The Care and Handling of Glass Volumetric Apparatus.” 


How get best results with Glass Volumetric 
Apparatus... described in this new book 


volume of a glass vessel from apparent 
weight of liquid; volumetric calibration. 

If you will mail the coupon below, 
Kimble will be happy to send you, without 
cost or obligation, your copy of this in- 


formative book. 


CE-12 


Name 
Address 
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State 
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A NEW periodic chart, completely up-to 


date, presenting the basic information of 


use to students and instructors has been 
compiled in accordance with the recom: 


gets ; mendations of the staffs of 59 leading 


colleges and universities. The information 


conforms with the suggestions of the Fif- 
teenth Conference of the International 


Union of Chemistry. 


The Fisher Giant Size Simplified Peri- 
odic Chart pictured above is 52” by 76”, 
printed in two colors on a heavy varnished 


The a. size measures 2212 by stock, with wooden strips at top and bot: 7 


32" and has metal strips at top and ee tom. Price, $9.75 each. 
bottom, and eyelets for convenient 

hanging. Price is $3.00, or pe cigs each in 

lots of 12, postpaid. 


Headquarters for Laboratory Supplies 


FISHER | 


PITTSBURGH © NE WASHINGTON 
Forbes (19)- 635 Greenwich 7722 Woodbury 


Na 31% 6 6 
22.997 24.32 AliSi P $ a 
VG Mn Fe Ni. Zn Ga Ge Se Br 
38 39 40 41 42 43 44° 45 “46 47%% 49 50 S51) 52 53 
Be Zt Nb Mo Te Ru Rh Pd Ag in Sn Sblie 
48 87.63 88.92 91.22 92.9 95: 1.7 106.7 107,88 TDR 128.92 
Os ir Pt Av He Pb 
38. 1 1 190.2 193.1 195.23 197.2 208: 210, | (218) 
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